VOL. XXXVI, DECEMBER, 1s8ss. 


| 
| 
| 


JOURNAL OF SCIENCE. 


Proressors JOSIAH P. COOKE, GEORGE L. GOODALE 


Established by BENJAMIN SILLIMAN in 1818. 


THE 


AMERICAN 


EDITORS | 
JAMES D. ann EDWARD 8S. DANA. | 


ASSOCIATE EDITORS 


JOHN TROWBRIDGE, or Camprinér, 


Proressors H. A. NEWTON anp A. E. VERRILL, or 
New Haven, 


Prorgessor GEORGE F. BARKER, oF | 


THIRD SERIES, 


VOL. XXXVIL—[WHOLE NUMBER, CXXXVI.) | 
No 216—DECEMBER, 18838. 


WITH PLATES I[X—X1. 


NEW HAVEN, CONN.: J. D. & E. 8. DANA. 
1888. 


TUTTLE, MOREHOUSE & TAYLOR, PRINTERS, 371 STATE STREET. 


Published monthly. Six dollars per year (postage prepaid). $6.40 to foreign sub- 


scribers of countries in the Postal Union. Remittances should be made either by 
money orders, registered letters, or bank checks. 


| 
| | 
| 
| | 
| | 
| | 
| 
| | 

| 

| | 


LITTELL'S LIVING AGE. 


N 1889 THE LIVING AGE enters upon its forty-sixth year. Ap- 

proved in the outset by Judge Story, Chancellor Kent, President 

Adams, historians Sparks, Prescott, Ticknor, Bancroft, and many others, 
hit has met with constant commendation and success. 

A WEEKLY MAGAZINE, it gives fifty-two numbers of sixty-four 
pages each, or more than Three and a Quarter Thousand double- 
|column octavo pages of reading-matter yearly. 
sive form, considering its great amount of matter, with freshness, owing 
jto its weekly issue, and with a completeness nowhere else attempted, 
The best Essays, Reviews, Criticisms, Tales, Sketches of Travel and Discovery, Poetry, Scientific, 
Biographical, Historical, and Political Information, from the entire body 

of Foreign Periodical Literature, and from the pens of 


It presents in an inexpen- 


The Foremost Iniwing Writers. 


The ablest and most cultivated intellects, in every department of Literature, 
Science, Politics, and Art, find expression in the Periodical Literature of Europe, and 


especially of Great Britain. 


The Living Age, forming four large volumes a year, furnishes from the great 
and generally inaccessible mass of this literature the only compilation that, while within 
the reach of all, is satisfactory in the COMPLETENESS with which it embraces whatever 
is of immediate interest, or of solid, permanent value. 

It is therefore indispensable to every one who wishes to keep pace with the 
events or intellectual progress of the time, or to cultivate in himself or his family general 


intelligence and literary taste. 


OPINIONS. 


“*No man who understands the worth and value of 
this sterling publication would think of doing without 
it. . Nowhereelse can be found such a comprehensive 
and perfect view of the best literature and thought of our 
times. . Every article is an apple of gold in a picture 
of silver. It furnishes to all the means to keep them- 
selves intelligently abreast of the time.”— Christian at 
Work, New York. 

“Itisa living picture of the age on its literary side. 
It was never brighter, fresher, or more worthy of its 
wide patronage. To glance at its table of contents 
isin itself an inspiration. No man will be behind 
the literature of the times who reads THE LIVING AGE.” 
—Zion’s Herald, Boston. 

“ Perennial in its attractions for the intelligent reader. 
Itis one of those few publications, weekly or monthly, 
which seem indispensable. . The only possible objec- 
tion that could be urged to it is the immense amount of 
reading it gives. There is nothing noteworthy in 
science, art, literature, biography, philosophy, or relig- 
fon, that cannot be found in it. It is a library in it- 
self. Such a publication exhausts our superlatives.” 
—The Churchman, New York 

“ Replete with all_the treasures of the best current 
thought, the best fiction, and the best poetry of the 
day. . [t stands unrivalled.”— Zhe Presbyterian, Phila. 

“The more valuable to a man, the longer he takes it. 
He comes to feel that he cannot live without it.’”— 
New-York Evangelist. 

“Years of acquaintance with its weekly issues have 
impressed us more and more with a sense of its value 
and importance in anage when knowledge has increased 
beyond all precedent, and the multiplication of pub- 
lications of all sorts makes it impossible for any one to 
keep up with the current. By the careful and judicious 
work put into the editing of THE Livine AGE, it is 
made possible for the busy man to know something of 
what is going on with ever increasing activity in the 
world of letters. Without such help he is lost."—Epis- 
copal Recorder, Philadelphia. 

“Through its pages alone it is possible to be as well 
informed in current literature as by the perusal of a 
long list of monthilies.’’-— Philadelphia Inquirer. 

**The readers miss very little that is important in the 
periodical domain.”— Boston Journal. 


“ One of the few periodicals worth keeping ina libra- 
ry. It maintains its leading position in spite of the 
multitude of aspirants for public favor.’’— New-York 
Observer. 

“Its value can hardly be reckoned in dollars and 
cents. A repository of the best thought of the best 
writers of our day and generation.”—Boston Com- 
monwealth. 

“ Biography, fiction, science, criticism, history, poetry, 
travels, whatever men are interested in, all are found 
here.”"— The Watchman, Boston. 

“It may be truthfully and cordially said that it never 
offers a dry or valueless page.’’— New-York Tribune. 

“Tt is edited with great skill and care, and its weekly 
appearance gives it certain advantages over its monthly 
rivals.”"— Albany Argus. 

“It saves much labor for busy people who wish to 
keep themselves well informed upon the questions of 
the day.”"— The Advance, Chicago. 

** Still holds its foremost place.’”’"— Troy Times. 

‘*Continually increases in value.”— Every Evening, 
Wilmington, Del. 

“It furnishes a complete compilation of an indis- 
pensable literature.”—- Chicago Evening Journal. 

“Recent numbers show the wide range of thought 
andecareful discrimination of editorship which have so 
long distinguished it. For the amount of reading- 
matter contained the subscription is extremely low."'— 
Christian Advocate, Nashville. 

“It enables its readers to keep fully abreast of the 
best thought and literature of civilization.”—Christian 
Advocate, Pittsburgh. 

“In this weekly magazine the reader finds all that is 
worth knowing in the realm of current literature. . As 
a weekly record of the literary and scientific progress of 
age it is indispensable.’—Canada Presbyterian, 

oronto, 

** Rarely, indeed, will the seeker of what is most note- 
worthy in periodical literature be disappointed if he turns 
to THE LIVING AGE. Coming once a week, it gives, 
while yet fresh, the productions of the foremost writers 
of the day. It is a reflection, as its name implies, of 
the best life and thought of the age, and as such is 
indispensable to all who would keep abreast of our 
manifold progress, It is absolutely without a rival.” 
— Montreal Gazette. 


PurisHED WEEKLY at $8.00 a year, free of postage. 
TO NEW SUBSCRIBERS for the year 1889, remitting before Jan. 1, the 
weekly numbers of 1888 issued after the receipt of their subscriptions, will be sent gratis. 


CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 


[Possessed of LITTELL’s Livinc AGE, and of one or other of our vivacious American monthlies, a sub- 
scriber will tind himself in command of the whole situation.”— Philadelphia Evening Bulletin. } 

For $10.50, Tak Livinc Ace and any one of the four-dollar monthly magazines (or 
Harper’s Weekly or Bazar) will be sent for a year, with postage prepaid on both; or, for 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. XLI.— The Invisible Solar and Lunar Spectrum ;* by 
S. P. Laneiey. With Plates IX, X. 


THE following investigation has been made from studies at 
the Allegheny Observatory, but it is proper to state that the 
provision of the very special apparatus used, is due to the lib- 
erality of a citizen of Pittsburgh, who has desired that his name 
should not be mentioned. 

This paper is an abstract of a forthcoming memoir, which 
will eventually appear in the fourth volume of the publications 
of the United States Academy of Sciences, to which the reader 
is referred for fuller details. 

Ever since the writer first + investigated the infra-red of the 
solar spectrum to the extent of about three microns, he has as- 
sumed, from all analogy, the probable existence of solar heat of 
still greater wave-lengths, which, however, he has not till lately 
been able to experimentally demonstrate, so that there has been 
a doubt whether such waves were emitted by the sun after ab- 
sorption by its own atmosphere, or whether they existed pre- 

* As the writer has already presented to the National Academy a memoir (read 
October 17, 1884, Memoirs Nat. Acad. of Sci., vol. iii.) on the heat of the moon, in 
which he spoke of investigations still in progress on it, it should be said that 
these are not yet published, and that they are only given here so far as is neces- 
sary in explanation of certain anomalies in the infra-red solar heat-spectrum, 


which forms the principal subject of the present paper. 
+ Comptes Rendus de 1’Institut de France, September 11, 1882. Amer. Jour. 


Science, March, 1883. 
Am. Jour. Sct.—Tuirp Serres, VoL. XXXVI, No. 216.—DeEc., 1888. 
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viously to absorption by the earth’s atmosphere, and, owing to 
the action of the latter, never reached us. Below the point 


2"-8, to which the maps published in 1882 and 1883 extended, 
it was stated, however, at that time, that there had apparently 
been detected feeble, or more properly speaking, dubious, 
indications of solar energy. This doubt arose partly from 
this extreme feebleness here of the heat itself, partly from 
lack of the usual experimental means, since the glass of our 
prisms (which, as we had discovered, transmitted the greater 
part of all the sun’s invisible heat then known) absorbed this, 
while no maker could then supply its place with suitable rock 
salt; and, most of all, from a difficulty of a less familiar kind, 
but which should from its importance be clearly apprehended 
by the reader. This is, that even if we could recognize that 
some feeble invisible heat existed, there were then no means of 
determining that it really belonged to the part of the spectrum 
where it was found, and was not intruded invisible heat of a 
more refrangible kind, diffused from its proper place in the 
upper spectrum by the inevitable defects in the action of spec- 
troscopie apparatus. 

In 1884 and 1885, while investigating the invisible spectrum 
of the sunlit side of the moon, we first found evidence of heat 
in this region from any extra-terrestrial souree—-heat whose 
enormous wave-length was comparable to that chiefly radiated 
from ice, which was also experimented on. This was so far 
distinct from the reflected solar heat of greater refrangibility, 
which occupied its own part of the spectrum, that our experi- 
ments indicated that this lunar heat was mainly not reflected, 
but radiated from a surface at a low temperature. But the 
chief anomaly was that while we had thus definitely recognized 
this kind of heat in the extremely feeble heat-spectrum of the 
moon, we had not yet done so in the far stronger solar one, or, 
as I observed at the time, that “we here seem to have heat 
from the moon of lower wave-length than from the sun.” 

I do not state (it must be observed) that the sun’s heat here 
is less than the moon’s, but that what there is is harder to 
recognize. It is not easy to give an adequate idea of the diffi- 
culties of observation which lead to this apparently paradoxical 
result, particularly as physicists are so far from having yet in- 
vestigated this region that even the barriers which have closed 
it to research are themselves of an unfamiliar kind. I can per- 
haps best illustrate it by analogy. Every spectroscopist knows 
how very hard it is to view the lines below A, and that even A 
itself, though very large, is not an easy object to see without 
special precautions. This arises not so much from the fact that 
the very deep red light here, like that of dull glowing iron, 
feebly effects the eye, but, in a still greater degree, because 
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ellow and orange light exists in relatively enormous quantity 
in the neighboring parts of the visible spectrum, and irreg- 
ularly diffused and reflected portions of this light re-appear 
where they do not belong and overpower the radiation legiti- 
mately there. Still, we can put a colored glass before the slit 
and cut off the intruding light in a great measure, and we can 
see the extraneous light which comes in, and allow in some de- 
ree for its effects; but here, in the actual case of the unseen 
eat in the far more remote spectral region we are about to de- 
scribe, all radiations, both the feeble ones we would study and 
the intruders on them which we would avoid, are alike invisible, 
and we are, of course, unable in any case to use glass, since this 
is opaque to all the rays now in question. If any one familiar 
with the visible spectrum will imagine himself as trying to dis- 
criminate with his eyes shut between these different compo- 
nents of the apparent radiation just below Fraunhofer’s A, and 
endeavoring while blindfold to say how much of it legitimately 
belongs there and how much does not, he will have a better 
conception of the difficulties peculiar to our actual field of re- 
search, though still an inadequate one, since the total heat 
radiation here is at best less than the hundredth part of that in 
the vicinity of the A line, which we have used in illustration. 
For the clearer understanding of this, I must, in anticipation 
of what follows, remark that while in the solar spectrum the 
maximum heat, as we all know, appears not very far from the 
red, so that the heat corresponding in a general sense to the short 
waves is great, and to the still longer ones small, in the lunar 
invisible spectrum the reverse is the case; for here, speaking 
generally, the solar reflected heat found in the upper part of 
the lunar spectrum is less than the heat apparently radiated 
from the moon’s own soil, which is of great wave-length, and 
which we have found in the extreme region of the spectrum 
we are now studying. In other words, the typical solar spec- 
trum heat is greatest in the relatively short wave-length; the 
typical lunar spectrum heat is greatest in the long wave-lengths. 
he explanation of the curious fact that this particular quality 
of heat may be more easily recognized where it exists in a less 
degree in a lunar spectrum than where it is found in a relatively 
‘ great degree as in the solar, will be still clearer if we consent 
{in continuance of the illustration) to further compare this 
lunar invisible radiation of great wave length to the deep- 
red light from a piece of scarcely luminous hot iron. This 
peculiarly deep red is seen with little difficulty in the iron 
ina dark room, but never in daylight; yet it is of a quality 
which we know from theory must exist in far greater 
degree in the daylight itself; nor do we, even when we would 
isolate it in a certain part of the solar spectrum, see it there, 
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because it is now obscured by the inevitable diffusion or reflec- 
tion of part of the neighboring brilliant light which the prism 
ought to keep wholly away, but (owing to inevitable instru- 
mental defects) does not. The dull glowing iron carries no 
white light along with it, and therefore its feeble peculiarly 
deep red is easier seen than the far stronger corresponding red 
in the solar spectrum. 

By the aid of this analogy in the case of light, and passing 
now to the actual case of wholly invisible radiation, I hope it 
may be clear how the feebler heat in the lunar extreme infra- 
red spectrum was at first recognized more easily than the 
stronger corresponding heat in that of the sun. 

It may be asked why (if we cannot cut off the diffused heat 
in the solar infra-red spectrum by the use of an absorbing glass) 
we cannot put a prism in front of the slit after the plan of 
Helmholtz. This is practically impossible here (owing to in- 
strumental conditions which we need not now explain), unless 
we find some way of keeping the axis of the spectro-bolometer 
either motionless or always parallel to itself, in spite of the 
varying direction of the rays from such a prism, and of auto- 
matically limiting the kind of radiation to be observed in any 

art of the spectrum, to that legitimately belonging there. 
he following arrangement was, after various trials, adopted 
with success. Its immediate purpose is to overcome the diffi- 
culty which we have just explained at such length; that is, to 
sift out the extraneous heat which remains after the ordinary 
action of the prism, but it can of course be used for light also. 


Description of Sifting Train. (See fig. 1.) 

Let N S be a massive beam, resting on two piers, and immov- 
ably fixed in the meridian. Let A R be a second beam, mova- 
ble on a turn-table, placed centrally beneath NS. Tempora- 
rily mounted on A R, and moving about with it, is the large 
spectro-bolometer described in a previous memoir. The center 
of its graduated circle (C) lies under the point P. Its two long 
arms are not free to move as usual, but are constrained b 
mechanical attachments (not here shown) to occupy the posi- 
tions Pp, PD. 

Two large 60° prisms of the same material (pure rock salt ~ 
from the same mine), their faces worked with the greatest ac- 
curacy, are placed with these equal refracting angles in opposite 
directions, one (P) at the obtuse, the other (p) at the acute 
angle of the parallelogram (Pp De), the vertices of all whose 
angles in the mechanical construction are pivoted and connected 
by inflexible arms, so that (both prisms being kept automat- 
ically in minimum deviation by the attachments M, m) the 
angle of minimum deviation (¢ p P) for the first prism is 


. 
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necessarily equal to the angle of minimum deviation (R P D, 
or its equal P De). 

Thus, if the pencil of solar radiation reflected from a large 
siderostat on the north, not shown here, passes from N toward 
S, on moving the beam A R, pivoted at p (p being the pro- 
jection in our drawing of a vertical line passing through the 
center of the turn-table and the median line of N S and A R) 
into various positions, N S remaining fixed, the rays, which 
are refracted by the prism p in the direction of p P, will 
emerge from P in the direction P D and fall upon the bolom- 
eter B. A condensing lens (/) forms the solar image on the 
slit (s,) of the first spectroscope, whose train (consisting of col- 
limator, 7,, prism, p, and image-forming lens, /,) forms a spec- 
trum on the slit (s,) of the second spectroscope. Here a narrow 
pencil from the first spectrum comprising only the particular 
wave-lengths which fall within the width of s,, is admitted, 
and, by the second train L, P L,, formed into a horizontal 
spectrum at and on either side of B. When we move AR 
this spectrum moves in turn past the vertical linear thread of 
the bolometer B, which lies in the focal plane of this spectrum, 
and is immersed in its successive absorption lines .s these defile 
past it. The function of the first spectroscopic train (J, 1,, p, 7,) 
is solely to sift out the extraneous radiations and to present at 
the second slit (s,) only those which legitimately belong to that 

art of the spectrum we wish to study. These pure rays pass 
into the second slit and are analyzed by the second train in the 
usual way, by the aid of the linear bolometer at B, and of the 
circle (C) reading to ten seconds of are. 

The objection to this apparatus is its complexity, which, 
however, we have been unable to advantageously diminish. 
We may, however, satisfy ourselves by visual observation of 
the Fraunhofer lines seen through the whole compound system ; 
(entirely of salt) both of the optical perfection of the surfaces 
of our entire double train, and of the accuracy of its purely 
automatic action. 


Results of Observation. 


With this and the apparatus already described in previous 
memoirs we have searched the extreme infra-red solar spectrum 
at first without definite success, later with results which will 
be better understood by the accompanying drawings.* Fig. 26 
shows the newly investigated invisible solar heat spectrum on 


the normal scale up to an (estimated) wave-length of 18". Fig. 


8a is an enlarged view of that portion of it, extending to 5” 
and fig. 3b, a photographic interpretation of the last, obtained 
automatically by a special device; so as to present somewhat 


* For figs, 2a, 2b, 3a, 3b, see Plates IX, X. 


* 
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the appearance which this heat region might be expected to 
show to an eye which could see it. 

Inordinately long as our new chart fig. 2b may seem, we see 
that the scale is, nevertheless, contracted to the last degree, so 
that the entire visible spectrum is compressed into less than 0.2 of 
an inch, seen on the left or violet end. Next we have the solar 


infra-red, already described and shown to exist to 2“°8, which 
includes its great absorption bands, 9, ¥, 2, previously investi- 
gated with giass prisms. 

The principal lunar heat lies chiefly beyond the great wave- 


length of 0™-01 (10"), and ere we reach it we pass over a 


region between 5“ and 11” (many times the length of the 
entire visible spectrum), where the solar heat seems to have 
been, to our present means of recognition, entirely absorbed, 
probably chiefly by our own atmosphere. 

It will be convenient, however, after noting the extent of 
the whole region shown in fig. 2a, to commence our descrip- 
tion with the detailed portion shown in figures 3a and 36, to 
which the reader is referred in illustration of what immediately 
follows. 

The lowest bands already described, as seen in the spectrum 
of a flint glass prism, are the small ones ,, and w,, near 2". Be- 
low this point all is believed to be here given for the first 
time. The bands in this new region are undoubtedly due, 
chiefly, if not wholly, to telluric absorption, and they are 
notably variable, depending on the season of the year and 
still more on the hour of the day. As the sun sinks, its rays, 
passing through increasing air masses, suffer absorptions which 
singularly change the appearance of the bands; as is shown in 
figures 4 and 5 which, however, are drawn upon the pris- 
matic, not the normal, scale. Figure 4 is identifiable with the 
portion extending from X to Y on the latter. 

Observations made during. the winter indicate that the band 


at 2-64, figures 3a, 36, is, with a high sun, largely filled up, 
especially on the less refrangible side. At noon a subordinate 
maximum has been found within the low sun limits of this 
band at 2”-94, and a second one at 2:80 frequently accom- 


panies it, producing subordinate minima at 2-89 and 3-02. As 
the absorption increases, with a sinking sun, these subordinate 
maxima disappear to a very great extent, that at 2:80 being 
the first to vanish as well as the quickest to grow, so that 
at noon, on a cold day, it not only surpasses the maximum 


at 2-94, but even begins to approach that at 320, while, 
when the sun’s altitude is less than 10° the nearly uniform 


7 

. | 
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part of the band extends from 2:45 to 3:15 without a break. 


Minor cold bands at 3:37 and 8:69 are suspected. The evi- 
dence for their existence may be seen by inspecting the high 


sun and low sun curves given in fig. 4. From 4:0 to 4“5 we 
have another region of almost complete absorption, followed 


by a maximum at 4”°6, beyond which lies the longest break of 
all, stretching from 5“ to 11". The solar heat throughout the 


region from 5” to 11” is probably far greater than it here 
appears, and if the parts struck out by our atmosphere were 
restored it would probably be found that a not wholly incon- 
siderable portion of the sun’s heat lies in this region, for it 
must be borne in mind that even the maxima are doubtless in 
some degree affected by a linear absorption, so that, because a 
part of the spectrum appears to be almost entirely transmitted, 
we cannot infer that it necessarily is so, or that it has not, 
after passing through the upper strata of the air, already parted 
with a considerable portion of its energy. While the position 
of a line or band caused by light from the center of the sun 
is; in the upper spectrum, unchangeable, in this extreme 
lower spectrum (if we could photograph it, like the upper, on 
cold and on hot days, with high sun and with low), the absorp- 
tion would be seen to increase, not symmetrically with the cen- 
ter of the band, but more on one side than another, so as to 
considerably modify the position of greatest absorption. This 
seems to be the explanation of a curious fact, which could not 
have been anticipated in advance of observation ; that is, that 
the centers of several of these bands and lines are under some 
conditions found to be shifted to a recognizable extent, and 
hence their wave-lengths are, within certain limits, variable. 

It seems as though the absorption, which we see exercised in 
most of the visible spectrum by fine lines, which begin already 
to show aggregation into a broader absorption band on the 
borders of the infra-red (e. g., the well-known “A” of Fraun- 
hofer), is, as we pass farther down into the invisible part, rep- 
resented by wider and wider bands, like 9, ¥, 2 (composed 
themselves of lines probably). The heat between these local 
regions of almost total absorption continues, as I have repeat- 
edly before stated, to be (contrary to the old belief) apparently 
transmitted with even greater facility than that in the visible 
spectrum. These bands have grown larger, and closer and 
closer together, as we have come down from the visible spec- 
trum below the point where the old map ended, and not far 


below 5” they seem to B ag myer | coalesce into one almost 
unlimited cold band. e do not, let it be observed, assert 


that the absorption is absolutely total even here, and, in fact, 


S 
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there is always a feeble heat to be observed throughout this 
extent. This, however, the use of the sifting train shows to 
be largely, at any rate, factitious, but we admit the possibility 
that subsequent research may prove that it is not all so. 


Let us now recur to fig. 2b, where we shall find below 10“ 
the same dependence of the effects upon the season and the 


hour, as in the part above 5”. At 102 observations made 
during the autumn showed scarcely the feeblest suspicions of 
heat, and the same has held good in the very mild weather of 
the past winter (of 1887); but on a few days, when the temper- 
ature had fallen below the freezing point, a notable maximum 


was found at this point, followed by a minimum at 10“-7. The 
height of this maximum relatively to the principal one in this 


region at about 13” appears to be correlated with the composi- 
tion of the air as affected by the temperature. On the coldest 
day (temperature at noon—6°7° C.) the deflection at midday for 


A= 10":2 was nearly one-half that at 13, but on other days, 
when the temperature was near 0° ©., the deflection at 


10-2 did not exceed one-fourth that at 13“, while at tempera- 
tures above +10° C. it was not noticeable. 


It is in the region near 13” to 14“, or over twenty times the 
length of the visible spectrum below it, that we have found 
the maximum of the lunar heat spectrum, and it is here that 
we first obtained indications of solar radiation corresponding in 
its great wave-length to this special lunar radiation, but of 
amounts non-estimable by the means till now employed. I 
have already spoken of its almost unrecognizably small amount, 
and a perhaps more vivid apprehension of its extreme minute- 
ness will be gained from the statement that on this graphical 
construction, on the scale of ordinates used in delineating the 


curve from 0 to 5”, no heat appears below 5” anywhere, not 


even at the maximum near 13” and 14”; because, though heat 
exists to the bolometer, the highest ordinate which would 
represent it on our drawing is not so great as the thickness of 
the thin black line, which denotes the axis of abscissee. I have 
accordingly here been obliged to exhibit it separately by a 
dotted curve whose ordinates are one hundred times those in 
the remainder of the spectrum. The points of minima in it 
are identifiable with absorption bands, which we have directly 
observed, and which we have independently found to exist in 
our own atmosphere, by studying the radiations from a copper 
surface, one meter square, at the temperature of boiling water 

laced in the open air at a distance of one hundred meters 
rom the bolometer. (The description of this will be found in 
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a ry seen sey | research to be given elsewhere.) The princi- 
pal lunar heat then is found here, at a point of the spectrum 
corresponding to the maximum radiations from melting ice, 
but its maximum amount is probably less than 1 per cent of 
the corresponding solar heat, which we have just found to be 
itself so small. That we can detect the lunar heat at all under 
these circumstances is due to the fact that we are here able to 
employ for it very shurt-focused mirrors and lenses, which con- 
dense it into a very short and relatively hot spectrum (there 
being no fear of their diffusing extraneous heat, since none 
worth mention exists). In the case of the sun we must employ 
a wholly different optical train, forming a far longer spectrum. 
It will be easily understood that these means, which enable us 
to determine the position of the solar and lunar heat maxima 
here are not favorable to a determination of the relative 
amounts of heat received from the sun and moon under such 
different conditions. We can only say that these ratios are 
themselves utterly changed from what they are in the visible 
spectrum, where we all know that the solar ight is something 
like five hundred thousand times moonlight. It is probable 
that the solar heat received in this part of the spectrum is less 
than five hundred times the lunar ; but the actual ratio is only 
very roughly determinable by our present means. 

By comparison with the “heat” spectra given in a previous 
memoir, we may also note the fact that some of the wave- 
lengths given from ice, are identifiable in the solar spectrum, 
nor (in view of the now established fact that the ratios of the 
heat, at like parts of the spectra of two unequally hot bodies, 
are functions of the wave-length) need it surprise us, that 
we have also found that this part of the spectrum of the sun, 
is not incomparably hotter than the corresponding part of the 
ice-spectrum. 

It may be asked if we can, after all, feel sure of the charac- 
ter of such minute amounts of heat in the presence of the 
already described reflected and diffused heat from the upper 
spectrum, considering the possibility that something may go 
wrong in the elaborate arrangement of the sifting train, and 
leave us (as everything we study now is invisible) without 
ocular warning of the fact. I may reply that we have lately 
found an admirable check upon the efficiency of our optical 
devices in the behavior of that familiar substance lamp-black, 
which all physicists use either on thermometers, thermopiles, 
or bolometers. All of us know probably that it is not abso- 
lutely non-selective, as it used, to be thought, and that it has a 
tendency to transmit the infra-red with greater freedom than 
the visible spectrum, but the statement I am about to make 
may excite surprise. It is, that when a very perfectly polished 


3 
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rock-salt plate is covered by a sheet of lamp-black of such 
thickness as to transmit less than one per cent of ordinary 
white light, it transmits about 90 per cent of the radiations 
belonging to these extreme wave-iengths. In other words, it 
has become a transparent body to rays of this wave-length, 
while it exercises an intermediate degree of absorption on in- 
termediate rays, so that by the amount of their absorption by 
lamp-black, we have a test by which these latter may be inde- 
peadently identified. 

We have given the preceding study not only to map new 
lines and bands in the region between 8” and 5”, but also to 
verify the existence of an all but infinitesimal amount of heat at 
much greater wave-lengths. We have applied great pains to this 
latter, not so much on account of its own importance, as on 
account of the important conclusions to be drawn from it later ; 
for if it is true that in this extreme spectral region, correspond- 
ing to temperatures much below the boiling point and even 
below that of melting ice, the amount of the solar heat is 
trivial, it is also true that the fact of its existing at all is of 
very significant interest to the meteorologist; for it is obvi- 
ously here, at temperatures below 100° C., that the rays which 
make up the nocturnal as well as diurnal radiations from the 
soil of our own planet are to be found. We observe that if 
such rays can enter the air from the sun, they can go out even 
from an icy soil (and still more from an ordinary one), to 
whose radiations it hence appears the atmosphere is not un- 
permeable. Heat, then, apparently escapes in some very mi- 
nute degree even from the surface of the Arctic Zone, not 
only by convection but by direct radiation through the at- 
mosphere toward space. Meteorological questions of great 
interest, to which we shall return in a later memoir, can best 
be answered from a study of this spectral region, and even if 
the problem of the lunar temperature did not interest us as 
students of celestial physics, we should still find others depend- 
ing on it of very practical import. 

As to the degree of accuracy obtainable in fixing its position 
in the spectrum, we may remind the reader that the old formule 
of Cauchy and others being useless, as we have shown, we have 
already undertaken a research* to enable us to determine such 
wave-lengths in thisregion. We have determined all the wave- 
lengths by the interpolating curve made from the observations 
of 1887, which has been exhibited to the Academy at its April 
meeting. In this memoir will be found all the explanations 
we can offer relating to the degree of trustworthiness of the 
values assigned to the present extreme wave-lengths. If they 
are, as we believe, to be trusted within the limits there given, 


* On hitherto unrecognized wave-lengths. This Journal, August, 1885. 
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we have measured indications of lunar heat (and possibly of 
solar) greater than are shown on this drawing, and a se wave- 
lengths exceed one-fiftieth of a millimeter. It is not likel 

that the more refrangible of that extremely feeble heat, which 


we here particularly describe, is much less than 11”. 


I think we may now feel justified in saying that we probably 
know some of the main facts about the solar spectrum, so far 
as terrestrial absorption is concerned. Broadly speaking, they 
are these : 

Hardly one-fourth of the solar energy, as we receive it, is visi- 
ble, at least without special precautions. Of the remaining 
three-fourths, far the larger portion of the heat actually re- 
ceived lies in the region above 2*:8, which has already been 
delineated, but if it were not for terrestrial absorption, the heat 
in the region below it would ‘be relatively so much greater, 
that it is probable that of the original solar energy, before ab- 
sorption, more than three-fourths is invisible. 

he effects of terrestrial absorption appear in the visible 
— chiefly by means of the telluric Fraunhofer lines, so 
that our first impression on looking at it is that these lines only 
occasionally interrupt the play of light and color by which the 
solar energy makes itself known through the sense of vision. 
As we go down into these lower parts of the infra-red region, 
we find (directly contrary to the old belief) that, broadly speak- 
ing, the radiation apparently grows more and more transmis- 
sible by our atmosphere, and this because the heat rays between 
the lines grow more and more transmissible, while the lines 
themselves, though growing into broader bands of almost total 
absorption, have not yet extinguished the hot regions between 
them, so that, even taking regions of transmission and absorp- 


tion together, on the whole here, i.e. above 3“, more of dark 
heat in proportion seems transmitted than of light heat. We 
may roughly illustrate* this portion of the sun’s spectrum after 
absorption by saying that if it were visible, it would present 
almost the appearance of diffuse luminous bands on a dark 
field, somewhat like those seen in the spectra of stars of the 
fourth type. As we have observed that absorption seems to 
increase in the same direction in the sun’s own atmosphere as 
in ours, it would be interesting to know if anything analogous 
exists in the absolute solar spectrum; i. e., before absorption 
in the sun’s atmosphere, but this we are not as yet able to 
determine. 

Since, in the part of the spectrum described here for the first 
time, the same process of aggregation into ever wider and 


* Figure 3, 
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wider regions of absorption is continued till these intermediate 
regions of transmission disappear, the whole, to repeat an ex- 
pression I have used in an earlier memoir, seems to become 
one continuous cold band, in which, however, we have found a 


little heat struggling through in the part beyond 11”. Briefly, 
then, we may say, that to an eye which could see the whole 
spectrum, visible and invisible, the luminous part being, as we 


know, interrupted by occasional dark lines, the lower part to 5” 
would appear to consist of alternate bright and dark bands, and 


the part below 5” be nearly dark, but with feeble “bright” 
bands at intervals. In conclusion, we may say that these new re- 
searches extend the known solar spectrum from three to much 
over the eighteen microns, shown on our plate, and while con- 
firming the previously announced fact that the solar heat of 
the great wave-lengths which actually reach us is negligible in 
amount, show from the fact of ‘the existence of any at all, that 
the anomaly of our being able to perceive lunar heat where we 
could not formerly detect solar, can be explained consistently 
with the possible existence of the latter of every wave-length 
before absorption. 

These investigations into a problem of Solar Physics have 
also incidentally led us to the prospective means of solution of 
an important one in Meteorology, for they have opened to 
observation the hitherto unknown region of the spectrum, in 
which the nocturnal and diurnal radiations not only from the 
moon toward the earth, but from the soil of the earth toward 
space, are to be found and may be hereafter studied in detail. 


Art. XLIL—A brief history of Taconic ideas; by JAmEs 
D. Dana. 


As the Taconic controversy is now nearing its end, a brief 
review of the progress of ideas relating to the various sides of 
the subject from the time of the earliest discussions to the pres- 
ent will be found instructive.* 


* A historical account of the Taconic, especially of the views of Taconic advo- 
cates, entitled ‘The Taconic System and its position in Stratigraphical Geology,” 
by Mr. Jules Marcou, is contained in the Proceedings of the American Academy 
of Sciences, vol. xii, 1884, 1885, pages 174 to 256. It relates mainly to the 
“Upper” Taconic, and makes little mention of facts or observations of the thirty 
years past connected with the ‘‘ Lower” Taconic rocks in the southern half of 
Vermont, Massachusetts with its typical Williamstown Taconic section, and in 
eastern New York from Rensselaer Co. southward; all which have a profound 
bearing on the question of age, and on the true relation of the “ Upper” and 
“Lower” sections. No account is given of the Taconic system of 1842, in the de- 
tailed presentation of which Prof. Emmons states its fundamental and distinctive 
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1818 to 1828.—The name Taconic first came into topograph- 
ical geology through Professor Chester Dewey, who ie the 
earliest geological map of the region, observed the general 
arrangement and eastward pitch of the beds, and called the 
rocks in the style of the time, Transition rocks.* 

Prof. Amos Eaton gave credit in 1820 to Prof. Dewey for 
the chief part of his knowledge of the Taconic rocks ;+ but, by 
1828, this pioneer in American geology had made fifteen sec- 
tions of the rocks from the Hudson River to the Taconic 
mountains, in order to ascertain, as he says, their conformability 
and true order of succession. 

1836 to the close of 1841.—Prof. Emmons, whose depart- 
ment in the New York Geological Survey covered the north- 
ern and northeastern part of the State, and who was already 
acquainted with the adjoining region of Williamstown in Mas- 
sachusetts, continued his survey into Williamstown. But in 
the New York Annual Reports no mention is made of the Ta- 
conic system either by him or by any other of the New York 
—* This is true even of the latest—the fifth—annual 

eport, that for 1840. Prof. Emmons, in his part of this Re- 
port, under the date of transmittal of Feb. 1, 1841, says on 
page 94: 


“The Granular quartz of Bennington, which occurs also in 
Dutchess Co., N. Y., I believe to be Potsdam sandstone in a met- 
amorphic form, and the granular limestone associated, to belong 
to the same geological epoch.” I believe “that the rocks from 
Lake Champlain, along the eastern part of the counties of Wash- 
ington, Rensselaer, Columbia, Dutchess, all of Putnam, West- 
chester, great part of Rockland and southeast part of Orange are 
metamorphic and intruded rocks, and I would suggest that all the 
rocks from the New York state line to the Connecticut valley are 
similar. The talcose and micaceous and talco-micaceous divisions 
of the Green Mountain range in Vermont, Massachusetts and 
Connecticut have a strong analogy to the metamorphic slates of 
the east part of Washington, Rensselaer and Columbia Coun- 
ties, but are traversed by large granite veins and are interstrati- 
fied with intrusive rocks which might be expected to produce a 
greater change in mineral constitution.” 


characteristics, and to which alone the discussions in 1842 to 1844 by Rogers, 
Mather, Hall and Hitchcock had reference. Mr. Marcou’s own special Taconic in- 
vestigations were made in northern Vermont and its vicinity, a region barely 
alluded to as Upper Taconic by Prof. Emmons. 

*C. Dewey, this J., i, 337, 1819; ii, 246, 1820; viii, 1, 240, with the map, 1824. 

+A. Eaton, Index to the Geology of the United States, 1820. 

t A. Eaton, this J., xiv, 147, 1828, where he says: ‘I have traversed the Tran- 
sition range from Massachusetts line to Hudson River in fifteen places, since the 
first part of my survey was published, for the purpose of ascertaining the true 
superposition of rocks in this most complicated and difficult geological theatre.” 
Prof. G. H. Cook recently drew my attention to this statement of Prof. Eaton 
which I had previously overlooked. 
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As late, then, as February, 1841, there was no indication 
that the Taconic system had taken shape in the mind of Prof. 
Emmons, although pretty well stored with Taconic facts. In 
opposition to the ideas of the Taconic system of 1842, the 
quartzyte is spoken of as the “ Potsdam sandstone” in a meta- 
morphic state, and the associated granular limestone as of “ the 
same geological epoch.” 

In 1842, the quarto Report on New York Geology by Prof. 
Emmons appeared, with its letter of transmittal dated January 
1, 1842; and in this volume the account of the Taconic system 
as a new system of rocks in American geology covers pages 
135 to 164, thirty quarto pages. The germinant period was, 
consequently, between February 1, 1841, and January 1, 1842. 

Another fact brings us closer to the time of first announce- 
ment. The system became a subject of special discussion, as I 
am told by Prof. James Hall, at the meeting of the American 
Association of Geologists and Naturalists held early in April, 
1841, at Philadelphia. This narrows down the germinating 
period to the two months between February 1 and April 10 of 
1841. 

Those who took a prominent part in this first discussion 
were Professors Henry D. Rogers, Edward Hitchcock, Wm. 
W. Mather, Mr. James Hall and Mr. Lardner Vanuxem. Prof. 
Rogers was interested in the subject because of his elaborate 
agen study of the Appalachian Mountain system on which 

e reported at length to the Association the following year; 
Prof. Hitchcock, because the heart of the Taconic region was 
within his own field of study—the state of Massachusetts,—his 
final report on which he already had in the press; Prof. 
Mather, because part of the Taconic rocks west of Massachu- 
setts were very largely within his section of the survey of the 
State of New York; Prof. Hall, because of the bearing of the 
facts on the system of New York rocks. Prof. Vanuxem, also 
one of the New York State geologists, had under his charge 
only southern New York west of the Taconic area and had 

iven the rocks no study. 

Although we have no report of the discussions,* we learn 
from later publications that Professors Hitchcock, Rogers, 
Hall and Mather objected to the views of Prof. Emmons, and 
Mr. Vanuxem + favored them. 

*The Proceedings of the meeting in this Journal, xli, 158, 1841, and in the 
Trans. Assoc. Am. Geol. and Nat., 1840-42, contain no allusion to the discussion, 
discussions being, as the Preface of the Transactions states, ‘imperfectly reported 
in these pages.” The only fact of any Taconic interest mentioned in the Proceed- 
ings of the meeting for 1841 (Proc. Assoc., 1883, p. 16, and this J., xli, 163), is that 
of the occurrence of impressions of Annelids in the slate of Waterville, Me., by 
Prof. O. P. Hubbard—the fossils and slates being afterward (1844) claimed for the 


Taconic by Emmons. Prof. Wm. B. Rogers did not become a member until 1842. 
+ Mr. Vanuxem has a page on the subject in his N. Y. Geological Report, p. 22. 


I 
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The comparison of views at the meeting resulted in inducing 
Prof. Rogers and Prof. Hall to take the field for the study 
of sections over the Taconic region. The season had just 
passed when Prof Rogers made a report on his results to the 
American Philosophical Society at Philadelphia,* sustaining 
the views which Hitchcock, Hall, Mather and himself had be- 
fore favored, namely: that the rocks were Lower Silurian (as 
the term was then used) from the Potsdam upward, but much 
flexed and disguised by partial metamorphism. Prof. Emmons 
mentions in his Report of 1842, on p. 147, that “ Professors 
Hitchcock and Rogers” were prominent objectors to his views. 
We learn that Prof. Mather’s views were essentially those of 
Prof. Rogers from his New York Geological report published 
in 1843. In his Preface he gives an interesting account of the 
discussion. The Dr. Dana he refers to was Dr. Samuel L. 
Dana, of Lowell, Mass. 


1842 to the close of 1844; Phase I[—Such was the state of 
opinion when Prof. Emmons’s full report on the Taconic sys- 
tem was published in 1842. 

The Taconic system of this report comprised the rocks from 
the Hvuosic Mountains westward, passing over the Hoosie Val- 
ley, Saddle Mountain (which inciuded Greylock), and also 
over the high ridge of granular quartz, Oak Hill, just north, 
the Williamstown plain, the Taconic Mountains next west 
on the Massachusetts boundary, and the eastern border of New 
York west of this boundary to the Hudson. Beginning on the 
east, the rocks were: (1)the “Stockbridge limestone,” (2) the 
“Granular quartz” and the “magnesian slate” of Greylock, 
which are topographically north and south of one another, (3) | 
the limestone of Williamstown plain, (4) the “ magnesian slate” 
of the Taconic mountain, (5) the “sparry limestone” west of 
the latter, and farther west, (6) the “ Taconic slate.” The fol- 
lowing, commencing at the bottom, is the chronological order 
according to Emmons, and in a parallel column, are given the 
true equivalents (the Roman numerals giving the order of age) 
as established by the latest investigations. 


Taconic System of 1842. Equivalents, 


6. Stockbridge limestone. II. Lower Silurian. 
5. (a. Magnesian slate of Grey- III. Hudson slate. 


lock, perhaps a repeti- 
tion of No. 3. 
Granular quartz. I. Cambrian. 
4, Limestone. . II. Lower Silurian. 
3. Magnesian slate of Taconic III. Hudson Slate. 
Mountain. 
2. Sparry limestone. . II. Lower Silurian. 
1, Taconic slate. ITI, I. Hudson slate and Cambrian. 


* Proc. Amer. Phil. Soc., Jan., 1842. 
Am. Jour. Sc1.—THIRD Series, Vot. XXXVI, No. 216.—Dec., 1888. 
26 
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The order of succession adopted by Emmons was the order. 
of superposition, as he states, with arguments in its favor, on 

age 147 of his report, the idea of flexures being rejected. 
The granular quartz he says (p. 138) “lies between two masses 
of limestone,”—which is topographically a fact. 

The idea of the pre-Potsdam age of the beds was based on 
the absence of fossils; on the difference in the kinds of rocks, 
and in their succession, from the lower rocks in the New 
York series ; also on supposed unconformability, no special case 
however being mentioned. He says, with reference to the distine- 
tion in kinds of rocks (p. 139), “ As a general rule, certain 
minerals are found in particular rocks; and may not a similar 
rule or law prevail where a system of rocks is concerned ?”’ 

Early in May of 1844, two years after the appearance of 
Prof. Emmons’s Report and over half a year before his second 
presentation of the system, Professor H. D. Rogers brought 
the Taconic question into his Presidential address before the 
“ Association of American Geologists and Naturalists,” and 
reiterated his former conclusions.* 


1844 to the close of 1849 ; Phase II—In December, 1844, 
appeared as a pamphlet in 4to—the preface bearing the date 
December 2, 1844—Prof. Emmons’s revision of the Taconic 
system, with additions and an extension of its limits; and in 
1846, the same was published as a chapter in his N. Y. Report 
on Agriculture. The prominent changes are the following: (1) 
the system is, for the most part, turned the other side up, 
Rogers’s views being adopted as to flexures and overthrust 
folds. (2) It is made in part fossiliferous, and the fossilifer- 
- ous part is put at the top under the idea that the fossils proved 
it to be the newer part. (8) The granular quartz is placed at 
the bottom. 

The order of the strata in the Report, and the equivalents, 
are as follows: 


Taconic System of December, 1844. Equivalents. 
5, § @ Black slate (Bald Mt.) I. Cambrian. 
Taconic slate. III, I. Hudson slate and Cam- 
brian. 

4, Sparry limestone. Il. Lower Silurian. 

3. agnesian slate. III. Hudson slates. 

2. Stockbridge limestone. If. Lower Silurian. 

1. Granular quartz. I. Cambrian. 


* H. D. Rogers, this Journal. xlvii, 137, 247, 1844. The address is a discus- 
sion of geological views, and is of permanent interest. His remarks on the 
Taconic system occupy pages 150 to 153; and he ends them with the suggestion 
that the Taconic system, instead of belonging exclusively to the Champlain 
division, may ‘include also some of the sandy and slaty strata here spoken of as 
lying beneath the Potsdam sandstone,” ’ referring to his own observations in 
Virginia and Kast Tennessee. 
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The system thus had Cambrian at top and Cambrian at 
bottom. In the chapters on the granular quartz, doubts about 
its true position are admitted; but the decision as to its being 
the oldest in the series is not recalled. 

The Report has an appendix on pages 109-112; and its 
closing sentences, which show wavering oS are import- 
ant in the history. After saying that in this system of beds, 
made when the earth’s condition earliest admitted of it, “ we 
find the earliest beings which had life and vitality,” he adds 
(p. 112): “We do not feel confident that it is in the earliest 
of these deposits that we have discovered fossils. Mr. James 
Hall, however, informs me that he found the Scolithus, a tubu- 
lar polyparian, in the most easterly mass of the granular quartz. 
On visiting the place as described to me, I was not successful 
in my search for this fossil, but at another locality I found 
what appears to be an orthoceratite. The fossils, however, are 
more abundant in the newer rocks of this system; and they 
belong to beings of an extremely delicate construction, as the 
reader may see by reference to our description in another part 
of this report.” The orthoceratite is not figured or again 
mentioned. | 

Prof. Emmons was led to make the “ Black slate” of Bald 
Mountain either “a distinct rock, or merely the upper portion 
of the Taconic slate” by his discovery “during the early 
part of September,” 1844, of a fossil “ which resembles closely 
an Annelide,” and the finding at the same place by Dr. Finch 
of two species of trilobites. The trilobites were named Atops 
trilineatus “ evidently allied to Zriarthrus Beckii, so abundant 
in the Utica slate” and Hlliptucephala asaphoides, and figures 
are given on pages 64, 65. The “Taconic slate” of eastern 
New York, including the Hoosie slate, and occupying, as he 
says, “almost the whole of Columbia, Rensselaer and Wash- 
ington Counties and reaching to St. Albans,” was also put with 
the upper fossiliferous part of the system (pp. 67 to 71), 
because of the discovery of Annelid markings chiefly, MVereites 
and Myrianites. 

These new New York fossils had claims to a place in the 
first volume of Prof. Hall’s Paleontology of New York, which 
was published nearly two years later, the preface bearing the 
date September 1, 1846. The author made the Atops identi- 
eal with Triarthrus Beckii and hence referred both trilobites, 
together with the slates, to the Hudson river group; and the 
Elliptocephalus was referred to the genus Qlenus. In the 
same month, the question of identity was discussed at the 
meeting of the Association of Geologists and Naturalists and a 
committee of investigation appointed for its consideration 
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and at the following meeting in 1847, Mr. S. 8. Haldeman, 
the chairman of the committee, made an adverse report.* A 
reply from Mr. Hall appeared in this Journal in 1848.+ 

The discussion was continued at the first meeting of the 
American Association for the Advancement of Science (an 
expansion of the Association of American Geologists and Nat- 
uralists), in 1848, when Prof. Emmons read a paper entitled 
“ On the identity of the Atops trilineatus and the Triarthrus 
Beckii, with remarks upon the Liliptocephalus asaphoides,” 
in which he gives a full comparison of characters and also 
points out the differences between the latter species and either 
of the allied genera Olenus and Paradowides.t 

The following year, 1849, a new advocate of the views of 
Rogers and Mather, in opposition to Emmons, appeared, in 
Mr. T. 8S. Hunt, then of the Geological Survey of Canada, who 
presented that year to the American Association for the 
Advancement of Science, at its second meeting in Cambridge, 
an abstract of the Geological Report of Canada for the year 
1847-8.§ But it does not appear that either Mr. Hunt, or any 
one connected with the Canadian survey, had made the Taconic 
region a subject of investigation. 


1855 to 1859; Phase III.—In the year 1855, Prof. Emmons 
made, in his new volume entitled “American Geology,” his 
third presentation of the Taconic System.| The chief changes 
introduced are the following: (1) The fossiliferous portion of 
the system is now called the Upper Taconic, and the rest the 
Lower Taconic; (2) the Sparry and Stockbridge limestones 
are brought together as one formation; (3) the synclinal char- 
acter of Greylock is first recognized and figured; and (4) 
extensions of the system to new localities are mentioned. 

The order of succession in this third phase of the system 
and the true equivalents are as follows: 


Taconic System in 1855. Equivalents. 
Upper | 2: Black slateof Bald =I. Cambrian. 
ic Mountain. 
aconie. 1, Taconic slate. III, I. Hudson,slates and Cam- 
brian. 
3. Magnesia slate. III. Hudson slates. 


Lower } 2. Stockbridge lime- II. Lower Silurian. 
Taconic. stone. 
1. Granular quartz. I. Cambrian. 


*§. S. Haldeman, this Journal, II, v, 117, 1848. At the same meeting, in 
1847, Prof. C. B. Adams, of the Vermont Geologic] Survey, read a brief note on 
the Taconic rocks of Addison County, Vt., in opposition to the system. 

+ James Hall, this Journal, II, v, 322, 1848. 

E. Emmons, Proc. Amer. Assoc. for 1848, vol. i, p. 16. 
T. S. Hunt, Proc. Amer. Assoc. for 1849, vol. ii, p. 325, and this Journal, II, 
ix, 12, 1850. 
| Occupies pages 1 to 122 of Part IT of the American Geology, 8vo, Albany, 1855. 
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This system of 1855, like that of 1844, has a top and bot- 
tom of Cambrian rocks. The succession of rocks in the 
“ Lower” Taconic —which, it should be remembered, were the 
only rocks in the system when Rogers wrote in 1841 and 1844 
and Mather in 1842—coincides with the views early set forth 
by Rogers, and with the order established by the most recent 
discoveries of fossils. 

Professor Emmons, on page 70 of the American Geology, 
earnestly sustains the azoze character of the “ Lower” Ta- 
conic, and particnlarly that of the slates of Saddle Mountain 
or Greylock. But the sentences about the occurrence of fossils 
in other parts of the “Lower” Taconic are left ambiguous. 
Speaking of the Taconic system as a whole on the closing page 
(p. 122) he says: (3) “It is a vital system, having been deposited 
during the period when organisms existed.” (6) It “carries us 
back many stages farther in time when life gave vitality to its 
waters than the Silurian.” He also says: “(1) Its series, 
divided into groups, are physically unlike the Lower Silurian 
series.” ‘(2) It supports unconformably at numerous places 
the Lower Silurian rocks.” Again on page 49: This group, 
“the ‘Lower’ Taconic, is mostly anterior to the Organic 
period.” No locality of Taconic trilobites is mentioned in the 
chapters except that of Bald Mountain in Rensselaer Oo., 
N. Y., and one of much interest in Augusta Co., Virginia, 
which had afforded Professor Emmons the small species he 
named Microdiscus quadricostatus. 

In 1854 or 1855 new Trilobites, related to those of Bald 
Mountain, were found in the Black Slates of West Georgia, 
Vermont, within the range of beds referred to the “ Upper” 
Taconic. Passing into the hands of Mr. Zadock Thompson, 
who had been assistant in the Geological Survey of the State 
under Professor C. B. Adams, the specimens were sent to 
Professor Hall, and in 1859, they were figured and described 
by him as “Trilobites of the shales of the Hudson River 
Group,” under the names Olenus Thompsoni, O. Vermontana 
and Peltura holopyga, and the beds were thus made equiva- 
lents of the Bald Mountain slates.* Although these fossils 


*J. Hall, Twelfth Annual Rep. N. Y. State Cab. Nat. Hist., pp. 59-62, 1859. 
Also Vol. III, N. Y. Paleontology, 1859, p. 325; Rep. Geol. Vermont, p. 367, 
where the two species of Olenus are united under the name Barrandia Vermon- 
tana. In Vol. III of the Paleontology, Professor Hall says, on page 94, “In the 
western flank of the Green Mountain range, the great variety of schists, desig- 
nated as taleous, mica, gneissoid mica, hornblende and calcareous mica slates are 
all results of metarorphism of Silurian strata ;” and on p. 83: “It is now many 
years since the belt of the country was regarded as one great Primary mass, 
Later observers began to yield a little and contented themselves with a Primary 
axis; and now we have the evidence, derived from fossils occurring at intervals 
over much of the area between the Hudson and the Connecticut rivers, as well as 
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were not formally claimed as Upper Taconic by Professor 
Emmons, they have passed as such. His Manual of Geology, 
the preface of which bears the date May 1, 1859, contains a 

ood figure of a large trilobite under the name Paradowides 
Sundipauiiedes,* which (as first suggested by Professor 
C. H. Hitchcock in 1861+ and is recently recognized by 
Mr. Walcott){ is identical with Hall’s Olenus Thompsoni ; 
and it was evidently so named before the publication of Prof. 
Hall’s paper, though whether published before is not certain. 
Unfortunately, Professor Emmons failed to mention the local- 
ity of his specimen. On page 87, he makes the following judi- 
cious remark: “ According to Barrande, the Paradoxides and 


from the geological structure of the country, that these rocks all consist of strata 
lying between the base of the Silurian and the beginning of the Coal-measures.” 

On page 94, in a note, occurs the statement—of historical interest and therefore 
here cited—that staurolite and some other minerals ‘‘ mark with the same unerring 
certainty the geological relations of this rock [a mica schist passing through cen- 
tral New England] as the presence of Pentamerus oblongus. P. galeatus, Spirifer 
Niagarensis, S. macropleura, and their respectively associated fossils, do tlie rela- 
tions of the several rocks in which they occur.” It was a valuable suggestion at 
the time, but one that the establishment of the facts just cited from p. 83 has now 
set aside. 

In 1857, two years before the publication of Vol. ILI of the N. Y. Paleontology, 
cited from above, Professor Hall delivered an address before the American Asso- 
ciation at Montreal. The writer was absent and never learned anything about its 
contents; it was never published. In 1882, only six years since, appeared a 
pamphlet, of forty pages, entitled ‘‘ Contributions to the Geological History of the 
American Continent. The Address of the retiring President delivered before the 
first Montreal Meeting of the American Association for the Advancement of 
Science, August, 1857, by JAMES Hat.” A note to the title is appended in 
which the author says: “The original manuscript of his Address” “has been 
copied without any supervision by him or any changes suggested by him.”’ This 
publication of the Address cannot claim to have historical value and hence 
demands no notice here; for it came out twenty-five years after date. It has no 
scientific importance ; for the subjects presented are much more fully and more sat- 
isfactorily discussed in the 96 quarto pages of the valuable Introduction to Vol. III, 
above mentioned, all of which is Professor Hall’s, and besides is two years later 
than the Address. In the Appendix to this pamphlet on p. 68, it is stated that 
“the Address has been facetiously criticised as proposing a system of mountain- 
making with the [origin of the] mountains left out” Accordingly, the Address, 
although it had never been published, had on one subject been * facetiousiy criti- 
cised.” The critical remark referred to occurred in volume xlii (1866. p. 210) of 
this Journal, in a note on views published by Professor Hall in his Volume IJ, as 
is stated in the note, and had no reference to the unpublished and wholly un- 
known Address. Some officious friend has made a slip here; Professor Hall 
could not have so forgoiten himself. The pamphlet closes, following this, with 
two pages of ‘‘ Notes on Professor James Hall’s Address by T. Sterry Hunt.” 

* Manual of Geology by EK. Emmons, 290 pp.8vo. Philadelphia, 1860; see p. 88. 
Also C. D. Walcott on Cambrian Faunas, 2d paper, Bull. No. 30, U. S. G. S., 1886. 
p. 167. The name Puradoxides usaphoides is given by Professor Emmons for the 
figure on page 87. as if his first intention was to have inserted his old figure of 
Elliptocephalus asaphoides, but afterward decided to insert a figure of the new 
species. The name P. brachycephalus is changed to P. macrocephalus in a second 
issue of the Manual (1860), both under the cut on page 88 and in a note to page 
280, and the corrected name is cited by Mr. Walcott. 

+ Rep. Geol. Vermont, p. 367. 

¢ Bull. U.S. G.S., No. 30. 
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Olenus belong to his Primordial zone or are Sub-silurian in 
Bohemia. In this respect our Paradoxides are also Sub- 
silurian: and hence it has been shown that the Primordial 
zone in Bohemia is in codrdination with the upper series of the 
Taconic rocks.” Professor Emmons’s letters to Mr. Marcou 
written in 1860 and published by the latter in the Proceedings 
of the American Academy for 1884, show that he meant here 
to emphasize *‘ Upper” Primordial; for he protests that onl 
a small part of his system is coincident with Barrande’s Pri- 
mordial. 


1860 to 1863.—The years 1860 to 1863 were epochal in Ta- 
conic History. Great light was let in upon the system by 
letters of August, 1860, from Barrande, the eminent paleon- 
tologist of the Silurian of Bohemia, addressed to Professor 
Bronn of Heidelberg and Mr. Marcou of Cambridge, Mass., 
and also from a memoir read by him before the Geological 
Society of France. Having before him the figures and descrip- 
tions of the Georgia trilobites, referred to above, received from 
Mr. Billings, he pronounced them unquestionably Primordial, 
thus confirming the decision of Professor Emmons just men- 
tioned. . 

But Barrande, adopting in his Memoir in full the views of 
Emmons on the Taconic system, and regarding the Primordial 
fossils as really characteristic of a great Taconic system of rocks 
extending far below the Olenus or Paradoxides zone, speaks of 
the Taconic as the American Primordial—his own system under 
unusual development—a view not satisfactory to Professor 
Emmons, for he had in contemplation for his Lower Taconic 
much greater depths, something like the unsounded Huronian, 
equivalency with which he thought he could make out.* And 
thus confusion was introduced by Barrande along with the 


* Barrande’s letters are addressed—Paris, July 16, 1860, to Professor Bronn of 
Heidelberg, and August 14th, 1860, to M. J. Marcou. They were read before the 
Boston Soc. Nat. Hist. in October, 186, and are published in the Proceedings, 
vol. vii, 371; also in this Journal, I, xxxi, 210, 1861, with an omission of Mr, * 
Marcou’s name because of its unmentioned omission on the part of the sender 
(from Canada) of the communication; also in the Geol. Rep. Vermont (with the ‘ 
same omission) p. 377; and also, with other letters, in Mr. Marcou’s paper in the 
Proc. Amer. Acad., vol. xii; see page 411. In this Journal and in the Vermont 
Report the letters are followed by letters to M. Barrande from Logan and from 
Hall; also in the Boston Proceedings, vol. vii, and also vol. viii, 249, by remarks 
of Mr. Marcou, giving his view of the bearings of the facts on the Taconic sys- 
tem of Emmons, with some additional facts. . Barrande’s Memoir referred to 
above is entitled, “‘ Documents anciens et nouveaux sur la Fauna primordiale et le 
Systéme Taconique en Amérique,” and was presented to the Geological Society of 
France, Nov., 1860, and Feb., 1861. 

Barrande’s letters appeared also in the Canada Nat. and Geol. for 1861. The 
facts show that some person connected with the Geological Survey of Canada is 
accountable for the ‘omission ” above referred to. Mr. Marcou’s paper of 1884 
gave the editors of this Journal their first knowledge of it. 
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light. It would not have been so, we are sure from his care- 
ful Bohemian work, had he been within reach of the strati- 
graphical problem, for he would have withheld his general 
conclusion until he had investigated the region of the Taconic 
rocks. 

Trouble came in 1860 again through the recognition by 
eLogan of the Quebec Group in Canada—based on fossils from 
the vicinity of Quebec that corresponded in age apparently to 
the combined Calciferous and Chazy Groups.* For this step 
was followed by Logan’s announcing, without previously mak- 
ing a careful stratigraphical study of the region, that the 
Taconic slates and limestone were, for the most part at least, 
of the Quebec Group. 

Light came in again through the Vermont Geological Sur- 
vey ;t (1) by the discovery of fossils of undoubted Silurian age 
at several localities in the Stockbridge (Eolian) limestone of 
Vermont, the Report says (p. 421) Silurian, Devonian, and 
possibly Carboniferous) ; (2) by -the exhibition of the topo- 
graphical relations of the rocks on the colored geological map 
of Vermont; and (3) through the stratigraphical sections across 
the limestone and slates, making in Mt. Anthony, Mt. Equinox, 
Spruce Peak, Mt. Eolus or Dorset and Danby Mountain the 
slates to lie in synclines with the limestone underneath, precisely 
as had been proved for Greylock by Emmons. Here at one 
stroke, Emmons was sustained in his stratigraphy as regards 
his “ Lower ” Taconic, and shown to be probably wrong in his 
conclusion as to the pre-Potsdam age of the limestone, and 
part at least of the slates. No definite conclusion was reached 
by the survey as to the age of the qnartzyte, opinion varying 
between Potsdam and Medina.t 


* Sir Wm. Logan, Remarks on the Fauna of the Quebec Group of Rocks and 
the Primordial Zone of Canada, Jan., 1861, Letter to Barrande, this Journal, II, 
xxxi, 216, 1861; Considerations relating to the Quebec Group, Can. Nat. and 
Geol., p. 199, May, 1861. 

Mr. Billings first observed the peculiar features of the fossils of the so-called 

eQuebec Group in May, 1860 (Geol. Rep. Can., 1863, p. viii), and the Canadian 
Nat. and Geol. for 1860 contains his earliest descriptions of the fossils, afterward 
given in full, with an account of the rocks by Logan in the Can. Geol. Rep. for 
1863, and more completely in Billings’s Palzeozoic fossils, vol. 1. 

¢t Rep. Geol. Vermont by E. Hitchcock, E. Hitchcock, Jr., A. D. Hager and C 
H. Hitcucock, 1861. In a note published in the Proceedings of the Boston N. H. 
Soc., vol. xxiv, 1888, Prof, ©. H. Hitchcock states that the printing of the Report 
commenced in 1861, and was all completed that year, excepting the Appendix on 
“ Lower Silurian fossils” by E. Billings. 

¢ Ibid, pp. 356, 500. On the latter page, the opinion is cited from Professor 
Hall, bused on the discovery of a species of Lingula, that the quartzyte is “ of 
the age of the Clinton Group or of the Medina Group,” Upper Silurian formations. 
Bearing on the history we find in the Proc. Boston Soc. N. H., vii, 237, 1860, a 
note by Professor W. B. Rogers, in which, in view of the reference to the Medina 
group, he cites approvingly, from a manuscript paper of his written in 1851, para- 
graphs sustaining the Medina age of the Vermont Quartzyte and Red Sandrock. 
The latter rock Emmons never included in the Taconic. 
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But along with the light from Vermont, doubts entered 
through the reference of some of the fossils of the limestone to 
the Upper Silurian and perhaps Devonian, and the use made of 
the few fossils of the Quartzyte. The facts were partly righted 
in 1862 by Mr. Billings, the paleontologist of Canada, who re- 
viewed the Vermont Report in this Journal, and claimed that 
“the evidence of the fossils furnishes no reasonable ground for 
placing the formation above the Lower Silurian.”* 

Accepting the stratigraphical sections in the Vermont Report 
as teaching what they appear to teach, and recognizing the 
Lower Silurian age of the fossils from the limestone, and accept- 
ing also Barrande’s confirmation of Emmons’s decision as to the 
Primordial relations of the “ Black slate” trilobites, the general 
bearing of the facts made known, during this epoch of progress 
and drawbacks, could hardly be mistaken. 

At this time the first edition of the writer’s Manual of Geol- 
ogy +t was published. The preface bears the date of the close 
of the printing, November 1, 1862. The Potsdam period in 
American Geology had already become expanded into the 
Primordial by the discovery, six years before, near Boston, of 
specimens of Paradowides Harlanit and by facts received 
from abroad; and it is designated in the work (pp. 169, 
171) the “PotspAM or PRIMORDIAL PERIOD,” and made 
the equivalent of the era of the Paradoxides and other 
Primordial beds of Scandinavia and Bohemia, as well as of that 
of the Lingula Flags and underlying Cambrian of Great Britain. 
Moreover, Paradowxides, Olenus, and other Lower Cambrian 
genera are cited, and P. //arlani appears among the figured 
species. Barrande’s determinations of the Georgia Slate Trilo- 
bites, making them and the beds containing them Primordial, 
are recognized by mentioning the beds and fossils among the 
facts of the “ Potsdam or Primordial Period”—conforming in 
this to the decision of Emmons as well as Barrande. 

The Vermont discoveries of fossils in the Eolian limestone 
had proved that the limestone and the overlying slates were 

* K. Billings, this J., IL., xxxiii, 416, 1862. 

In 1870 the chief divisions in the geology of Vermont were briefly stated by 
Prof, C. H. Hitchcock in a folio of six pages bearing the date of March Ist. His 
further study of the Staté, in connection with the work of the Canadian Survey, 
had led him to refer at this time the Eolian or Stockbridge limestone ard associa- 
ted slates to the Quebec group, and the Quartzyte, Red Sandrock and the Georgia 
slates and Black slate to the Potsdam or Primordial, the last-mentioned the oldest. 

+ Manual of Geology by James D. Dana, 798 pp. 8vo, illustrated by a chart of 
the world and over 2000 figures. Philadelphia, 1863. 

¢ W. B. Rogers, this J., II, xxii, 296, 1856, from a letter to J. D. Dana of August 
13. Prof. Rogers compares the fossil with the P. spinosus of Barrande, and identi- 
fies it with the P. Harlani of Green. Mr. Green’s cast of a specimen of unknown 
locality, had been widely distributed, and had reached Barrande. He also shows 


be Green’s description of the rock, that his specimen was probably of the same 
ocality. 
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later rocks than the Primordial, at least as late as Lower 
Silurian; and hence the term Taconic could not have been 
substituted for Primordial, as only a small part of the system 
was Primordial: the name belonged by first right to the origi- 
nal Taconic of 1842. The Primordial addition to the top of 
the Taconic column made by Emmons in 18:4 was rectified 
by simply recording the facts in their proper places. The 
Eolian or Stockbridge limestone and other ‘“ Lower” Taconie 
rocks are mentioned in. the Manual under the Calciferous 
(pp. 175, 176) in connection with remarks on the Quebec 
group; but it is added that “fossils probably of the Trenton 
period occur in the Vermont limestone”; and on p. 391, 
evidence in favor of a Trenton rather than a Calciferous 
or Quebec age is presented, based on the facts from the 
Vermont Geological Survey and the remarks by Billings. 

By the close of the year 1862, therefore, the Black slates of 
the “Upper” Taconic had reached their right place in a Geo- 
logical Manual. There remained however to be yet made out 
their particular horizon in the Cambrian, the particular periods 
of the Lower Silurian represented in the Stockbridge limestone, 
and the age of the quartzyte. 


1865 to 1872.—In May, 1870, Rev. A. Wing, of Vermont, 
collected fossils from the limestone at West Rutland “not 100 
ate from an abandoned marble quarry,” which were sent a year 

ter (June, 1871), to Mr. E. Billings, of Montreal, who reported 
upon them in this Journal for 1872, pronouncing them probably 
Chazy.* Mr. Wing had been exploring since 1865, in order to 
“ascertain if possible the geological age of the limestones, slates 
and quartzite,” and relied on Mr. Billings for the determination 
of his fossils.+ In 1867, Mr. Billings identified for him Asaphus 
canalis, two or three species of “Bathyurus, Maclurea matu- 
tina, from the limestone in Cornwall, Vt., and made the species 
Calciferous. The same year he found the Trenton fossil 
Trinucleus concentricus in place “in great abundance” in 
Sudbury; also about this time or between it and 1872, he found 
" Bathyurus Saffordi, a Quebec Group trilobite ” in East Corn- 
wall; Bathyurus extuns, a Birdseye species, Columnaria 
alveolata, a Black River species, and the ‘Zrinucleus, east of 
Shoreham ; and confirmatory species as to the Calciferous as 
well as the later periods from other localities. 

By 1872, Mr. Wing had established one of the points he had 
in view, that the limestone was not, as Logan had held, of the 
Quebec group, or of Calciferous and Chazy only, but embraced 
the Trenton also, and apparently all the Lower Silurian forma- 


* EF. Billings, this J., III, iv, 133, 1872. 
+A. Wing. this J., Il, xiii, 332, 405, 1877. 
¢ This J., ITI, iv, 1872; and for his conclusions, p. 414, 
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tions from the Calciferous to the Trenton ; and, consequently, he 
had made it certain that whatever slates were really overlying 
were of Utica or Hudson age. 

In 1869, an article by Prof. J. B. Perry appeared in this 
Journal, sustaining, by the results of his observations in Ver- 
mont, the Taconic system as presented by Emmons. As its 
principal stratigraphic points have now been disproved by the 
discovery of fossils, and evidence of the existence of faults and 
flexures which he misunderstood, it need not be noticed here. 


1872 to 1886.—In 1871 the writer entered the field, believing 
that the Chazy fossils of West Rutland—the only part of 
Wing’s discoveries then published—and the earlier discoveries 
of the Vermont Survey, made the region a good and certain 
base for a determination of the age of the Massachusetts and 
more southern portions of the Taconic rocks, as well as of the 
Vermont portion, and, thence, of the age of theschists through- 
out the Taconic Range. My purpose was (1) to prove the con- 
tinuity from north to south of the three assoczated Taconic 
formations, the quartzyte, the limestone and the slates or 


schists; also (2) to work out the system of flexures ; (8) to ascer- _ 


tain whether the Taconic Mountains were generally or not of 
——, structure, as they were made by Rogers, Mather and 

all, andin 1864 by Logan ;* (4) to settle the question as to con- 
tinuity from east to west of the limestone of the different 
north-and-south belts; (5) to apply the evidence from fossils, 
making them the sole basis for fixing the age of the beds; and 
finally (6), to use the evidence of the age, thus obtained, for 
the determination of the age of the hydromica schists, chloritic 
schists, garnetiferous and staurolitie schists, and other rocks of 
the Taconic Mountains, and thus test the value of, or give 
greater precision to, the assumed “ lithological canon ” first pro- 
pounded by Prof. Emmons (p. 414). My work was continued 
in Western New England and Eastern New York at intervals 
from 1871 to the close of the season of 1886. In 1876 I ac- 
companied Mr. Wing on a Vermont excursion, visiting besides 
other places, the West Rutland region of fossils in the lime- 
stone; a locality of small Orthocerata, apparently Calciferous, 
in the limestone two miles north of Middlebury, which Mr. 
Wing figured ;+ and the region of the Snake Mountain over- 
thrust fault which he well understood.t 

By 1878, the problem began to receive new light from the 
discoveries of fossils outside of Vermont. In 1878, Mr. T. N. 
Dale announced Brachiopods of the Hudson Group in the Pough- 
keepsie Taconic slate.§ In 1878, Professor Wm. B. Dwight 


* This J., Il, xxxix, 96, 1865. 
' + A. Wing. this J., III, xiii, 406, 1877, where the Orthocerata are figured. 
Ibid., p. 413. 
Dale, this J., III, xvii, 57, 1879. 
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began his numerous discoveries of Trenton and Calciferous 
fossils in the belts of “Sparry limestone” of Dutchess Oo., 
N. Y., which he has continued to 1888;* and in 1885 and 
1886 made other discoveries in the “Sparry limestone ”— 
strictly the southern part of the Eolian—in Canaan, Columbia 
Co., N. Y., just west of the Taconic Range.t Thus the evi- 
dence of the Lower Silurian age of the limestone and slate went 
on accumulating. Further, both Hudson River and pre-Pots- 
dam Cambrian fossils were reported by Mr. 8S. W. Ford from 
the east border of the Hudson near Schodack landing,t and 
Upper Cambrian by Professor Dwight near Poughkeepsie,§ 
both being cases of the uplift of Cambrian beds along a fault. 
Professor Dwight found the Hudson shales to be the prevail- 
ing rock in Dutchess County; also that it was intersected by 
numerous faults: Potsdam occurring faulted against Trenton, 
against Calciferous and against Hudson shales; and the Cal- 
ciferous against Trenton and Hudson shales. Again, in 1886, 
Mr. I. P. Bishop, of Chatham, Columbia Oo., N. Y., eight 
miles southwest of Canaan, announced| the occurrence of 
Hudson group graptolitic schists and fossiliferous Trenton 
limestone at that place, and the continuation of the beds north- 
ward to the borders of Rensselaer Co., N. Y., and south to 
Ghent—facts that bore on the age of the “ Taconic slate” of 
Emmons not only for Columbia County but also for the region 
north. 

My papers appeared in this Journal in 1872, 1873, 1877, 
1879, 1880, 1884, and finally in 1885 and 1886, the series was 
continued, with new results, and the completion of a geological 
map of the limestone areas of the Taconic region east and 
west of the Taconic Range from Northern Bennington in 
Vermont to the southern limit of Canaan and Salisbury, Conn. 
It is not necessary to mention here conclusions. I was slow in 
reaching any positive conclusion about the age of the quartzyte 
because of the non-discovery of fossils, which I made the only 
reliable evidence of age. But in 1884 discovering chondro- 
ditic limestone in eastern Berkshire as evidence of the presence 
of Archean, I made out an eastern quartzyte as Potsdam or Cam- 
brian, leaving the quartzyte that alternates with the schists 
and limestone in the center of the Taconic limestone region, 
still in doubt. But the evidence was not sufficient to prove 
that there was a continuous belt of Archean along eastern 
Berkshire and the Green Mountain Range to the north, so that 


* W. B. Dwight, this J., III, xvii, 389, 1879, xix, 50, 451, 1880, xxi, 78, 1881, 
xxvii, 249, 1884. 
+ W. B. Dwight, this J., xxxi, 248, 1886. 
tS. W. Ford, this J., III, xxviii, 35, 206, 242, 1884, xxix, 16, 1885. 
3 W. B. Dwight, this J., III, xxxi, 125, 1886, xxxiv, 27, 1887. 
I P. Bishop, this J., xxxii, 438, 1886. 
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part of the mica schist and gneiss remained in doubt, as, for 
example, that of Hoosic Mountain east of North Adams, and 
that of Mt. Mansfield in the Green Mountains,* not knowing 
whether to pronounce them of the age of the Taconic Grey- 
lock schists which they closely resemble, or of that of the 
schists in the Quartzyte formation, or of Archean age—think- 
ing the last the least probable.t+ 

n 1884 Professor C. H. Hitchcock published an account of 
new sections made by him across Vermont and New Hamp- 
shire, sustaining essentially his former conclusions as to the 
Lower Silurian age of the limestone and slates, making the 
Eolian limestone Lower Silurian. 

Other papers, besides those that have been mentioned, ap- 
peared norg | the thirty years from 1855 to 1886, but none of 
importance that were the direct result of investigation of the 
Taconic region apart from what appeared on Northern Ver- 
mont and Canada. Articles on the Taconic system by Dr. T. 
Sterry Hunt have come out from time to time since his first 
in 1849 giving the views he had adopied ; views that were 
strongly opposed to Professor Emmons for nearly thirty years, 
and for the last ten, from 1878 to 1888, as strongly or a 
little more so, in favor of the Taconic system and in contest 
with the facts that were fast accumulating against it. As the 
arguments and conclusions presented were at no time based on 
his own investigations in the Taconic region there has been no 
occasion to cite from his papers. 


1887, 1888.—In 1886 Mr. Charles D. Waleott, the excellent 
paleontologist of the United States Geological Survey, com- 
menced the study of the Taconic slates, limestone and quartz- 
yte of Northern and Southern Vermont and the adjoining 
counties in New York; and in 1887, he continued his work 
southward into Williamstown in Massachusetts and to Berlin, 
southwest of Williamstown, in eastern New York. He added 
largely to the number of known Cambrian fossils of the 
Georgia region in Vermont and of Washington County in 
New York besides studying the stratigraphy ; made many new 
discoveries of fossils in southern Vermont, finding in the 


*Mt. Mansfield is the only peak of the Green Mountains which I have 
ascended. 

+The quartzyte regions of (1) Washington, Mass., southeastern Pittsfield and 
eastern Lenox, (2) the eastern border of Tyringham, Mass., (2) the southern border 
of Canaan, Ct., adjoining Coruwall, and (4) the northern border of high eastern 
Sharon, Ct., near Salisbury, where there are quarries, are among the best locali- 
ties for the study of transitions in the quartzyte toward gneiss; they were to 
have been my field of work in 1887, and failed to be so because of my sudden 
move to the Hawaiian Islands. 

$C. H. Hitchcock, 34 pp. 8vo, with 2 plates, Concord, N. H., 1884. Bull. 
Amer. Mus. N. Hist., i, no. 5, p. 155, 1884; a note to the title says, “‘ This article 
was prepared in 1882.” 
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Stockbridge (Eolian) limestone Trenton fossils within half a 
mile of the Massachusetts line in Pownal; other Lower Silu- 
rian fossils on both sides of Mt. Anthony, three miles south of 
Bennington, a Trenton crinoid included ; Trenton fossils in 
Williamstown, at the Hopper, at the west foot of Greylock and 
others in Berlin south of South Berlin; and at Hoosiec Falls 
in Rensselaer Co., New York, west of Bennington, Trenton 
fossils again.*—The results warrant full confidence, he says, in 
the Calciferous-Trenton age of the limestone. Further, in the 
slates at Hoosic he obtained Graptolites, as had long before 
been found, of Hudson age. In the study of the quartzyte of 
Vermont, specimens in the Amherst cabinet (Amherst, Mass.) 
afforded him the species Wothozoe Vermontana, Olenellus 
Thompsoni and Hyolithes communis ; the quartzyte mountain, 
two miles east of Bennington, Vt., gave him specimens of 
Nothozoe, Olenellus and Hyolithes, and the quartzyte of the 
west summit of Clarksburg Mountain or Oak Hill, on the 
borders of Williamstown, an QOlenellus. These discoveries 
were preceded in 1886 by finding, along with Professor Dwight, 
Hyolithellus micans in the limestone resting on the quartzyte 
of Stissing Mountain in Dutchess Co., N. Y. (the quartzyte 
referred to by Professor Emmons), and heads of Olenellus 
Thompsoni at the same place in the quartzyte itself. 

The colored map accompanying his paper in volume xxxv 
(1888) of this Journal has the above mentioned localities of 
fossils indicated, and also those of Cambrian age within the 
area of the Taconic slates over eastern New York and the 
borders of Vermont. The fossils are positive evidence of the 
age of the slates at the localities where they occur. But how 
far the slates away from the localities are Cambrian, or how 
far they are, instead, of the Hudson group, with faults here 
and there bringing up Cambrian, in Eastern New York, as in 
Dutchess County, remains yet to be ascertained. The doubt 
does not affect the general conclusion from the facts. Further, 
Mr. Walcott made out that the quartzyte formation, and the 
Bald Mountain and Georgia slates were alike in belonging dis- 
tinctively to the Olenellus section of the Cambrian. 

These discoveries of Mr. Walcott afford the first demonstra- 
tion of the age of the quartzyte, and give new precision to 
our knowledge of the age of the Georgia, Bald Mountain and 
associated slates. Besides this, they give full completeness to 
the proof, that had been for years accumulating, of the Lower 
Silurian age of the Taconic limestone. They show, moreover, 
that the Primordial beds constituting Emmons’s ‘ Upper” 
Taconic, on account of which the terms Primordial and Ta- 
conic have by some been thought to be rightful synonyms, are 


*C. D. Walcott, this Journal, III, xxxiv, 187, 1887, xxxv, 229, 307, 394, 1888. ° 
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only outcrops of the Cambrian formation of the “ Lower” 
Taconic ; that the “Lower” .Taconic includes the “ Upper” 
and is therefore all there is of Taconic. 

It is thus finally made positive that the Taconic system is 
not a pre-Silurian system, and that the claiming for its equiva- 
lency with the Huronian was but a leap in the dark. It is 
manifest, in fact, that “ Taconic system” is only a synonym of 
the older term “Lower Silurian,” as this term was used by 
—- generally, twenty, thirty and forty years since, and 

y many writers till a much later date. 


It is almost fifty years since the Taconic system made its 
abrupt entrance into geological science. Notwithstanding some 
qe points, it has been, through its greater errors, long a hin- 

rance to progress here and abroad. It has also been a pro- 
moter of investigations of wide bearing and influence. But, 
whether the evil or the good has predominated, we may now 
hope, while heartily honoring Professor Emmons for his earnest 
geological labors and his discoveries, that Taconic ideas may be 
allowed to be and remain part of the past. 


1841-1888. 


Art. XLITI.—Certain Generic Electrical Relations of the 
Alloys of Platinum ;* by C. Barus. 


IF the specific electrical resistance (s) of a metal be expressed 
by s=/(y, ¢), where ¢ is the symbol of temperature and y a 
variable parameter, then the data of the present paper may be 
said to furnish evidence of an inherent opp relation between 
JF (4,0) and f (7,0)—i. e. the zero values of s and its first derived 
unction with respect to ¢—provided the largest admissible 
value of y be small in comparison with its maximum value. 
Usually variations of y are produced by changing the qualities 
of the originally pure metal by small quantities of some foreign 
ingredient, metallic or not. With the understanding thus laid 
down, 7 ’(y,0)/7 (7,0) is the succinct interpretation of what is 
ordinarily called temperature-coefficient, and which in the pres- 
ent paper will often be denoted by a. Conformably with the 
notation indicated $10.0) and 7'(0,0) are the constants of the 
unalloyed metal. When this is not thus explicitly stated, I 
will for the sake of brevity use #(0) and (0) in place of 
J (z,0) and f’(y,0), respectively. 


* This paper indicates the chief result of the third chapter of the Bulletin on 
the measurement of high temperatures, to which reference has already been 
made. (See this Journal, xxxv, p. 407, 1888.) 
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The expression for electrical conductivity is here 1//(y, #), to 
be abbreviated 2. If s=s,(l+at+ft?+....), it follows that 
A=A/, (1— and hence the temperature coefii- 
cients, taken in the sense just defined, are numerically identical, 
no matter whether reference is made to s or to A. 

The alloys of which the present paper treats are all character- 
ized by high melting points, and by non-crystalline structure. 
Alloys fusing below red heat have not been systematically 
investigated, or lead to involved results. The case of amal- 
gams* is complicated by changes of the physical state of aggre- 
gation. Strictly speaking investigations like the present hold 
only for those alloys for which data are in hand. Cf. § 3. 

2. The advantages of selecting platinum-alloys for the in- 
vestigation in question are manifold. Melted platinum appears 
to be a universal solvent of metals, and hence the variety of 
bimetallic platinum alloys, easily producible, is very great. 
Again one of the remarkable electrical properties of platinum 
is the tendency to form alloys of phenomenally high specific 
resistance ; and quite within the limits stated in §1, an elec- 
trical effect of alloying amounting to as much as 500 per cent 
of the specific resistance of platinum, is no unusual occurrence. 
Finally platinum alloys have not yet been systematically studied. 
The present contribution is therefore new. 

In the case of steel to which I shall allude in passing, varia- 
tions of resistance allied in character to those here discussed 
may be produced by changes of temper. The range of elec- 
trical variation here is also very large, amounting to more than 
300 fer cent of the resistance of soft steel. 

Phenomena extending over such an enormous range, and 
which admit of exact measurement throughout the whole in- 
terval of variation, deserve most careful scrutiny and compari- 
son even in their approximate relations. But there is further 
evidence in hand of the importance of which, when my’work 
was in progress, I was quite unaware. I shall endeavor to 
digest it in the next paragraph. 

3. A research into the relations of electrical conductivity 
and temperature makes up a part of the labors of Matthiessen. 
In addition to his well-known results for pure metals, Mat- 
thiessent and his friends investigate the electrics of alloys of 
PbAg, SnAu, SnCu, SnAg, ZnCu, AuCu, AuAg, PtAg, PdAg, 
CuAg, FeAu, FeCu, PCu, AsCu, and some other metals. Un- 
fortunately not all of these alloys are available for the present 
discussion, as Matthiessen’s purpose seems rather to have been 
the exploitation of a great number of series of groups of 
alloys. On the other hand it is my purpose to examine the 


*Cf. ©. L. Weber: Wied. Ann., xxiii, p. 447, 1884; ibid., xxxi, p. 243, 1887. 
Battelli: Beiblatter, xii, p. 587, 1888. 
+ Matthiessen and Vogt: Pogg. Ann., cxxii, p. 19, 1864. 
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electrical behavior of as many alloys as possible of one given 
group. On perusing Matthiessen and Vogt’s results, it appears 
that lead alloys,* tin alloys and iron alloys will have to be ex- 
cluded from the present consideration, inasmuch as the data 
are either insufficient in number, or lie too far apart from each 
other and from the extremes of this series, or because of 
mechanical difficulties encountered in making the alloys and 
shaping the wires. There remain a very full series of copper 
alloys, viz: CuSn, CuZn, CuFe, CuP, CuAs; a series of silver 
alloys, viz: AgAu, AgPt, AgPd, AgCu; and a few gold alloys, 
viz: AuCu, AuAg. In view of the importance of these data 
I have computed the following tabular statement of Matthies- 
sen’s results, re-arranging the data in a way which for my spe- 
cial purposes is expedient. I have also added Matthiessen’st 
results for pure, soft metals. In table I, 2’, denotes the con- 
ductivity in Matthiessen’s standards (Ag=100), a the tempera- 
ture coefficient of+the alloy, of which the composition is given 
on the same horizontal row. I have rounded off Matthiessen’s 
long numbers, because the arbitrary errors introduced during 
the mechanical preparation of the alloys, together with the 
errors of structure and hardness and the more serious errors of 
imperfect homogeneity, make the extreme accuracy of the 
electrical datum illusory. The table furthermore contains A,, 
the electrical conductivity in microhms referred to the cubic 
centimeter. This reduction is made by means of mercury.t 
In the last two columns of table I, the value of a computed by 
the formula a+m=nd, and the corresponding errors are in- 
serted. Of these results further mention will be made below, 
and I need here only state that the constants m and n given at 
the end of the table are those which I derived from all the 
relevant observations, by the method of least squares. 

The compositions given are volume per cents, except in the 
cases of phosphides and arsenides of copper where mass per 
cents are meant. 

In interpreting these results by graphic methods, it is neces- 
sary to proceed with caution, for inasmuch as specific resistance 
enters into them reciprocally, large values of resistance will 
only be inadequately represented. Neverthless, although the 
tables contain many such values, enough data remain to exhibit 
the striking linear character of the curves on which the gold, 
silver and copper points respectively lie. The initial tangent 


* The metallic ingredient present in larger amount may be fitly used in desig- 
nating the alloy. 
Matthiessen and v. Bose: Pogg. Ann., exv, p. 353, 1862. 
Jenkin who made similar reductions in the case of pure metals by means of 
lead, arrives at somewhat different numbers. A perfectly satisfactory absolute 
table can not be deduced. 


Am. Jour. Sct.—Tuirp Series, VoL. XXXVI, No. 216—Dec., 1888. 
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TABLE I.— Showing Matthiessen and Vogt's results for the electrics of gold, silver, and 
copper alloys. 


Composi- | ., ‘Observed Ao x 108 Calculated! 
Alloy. | “tion, | | ax 10%, microhms.| dax 10%, 4% 10°. 
| 


Gold ¢ 3° 506 
alloys. AuCu | 164% Cu 359 
| AuCu /|18°3 Cu 103 
AuAg Ag 137 
| AuAg /47°9¢% Ag 


© 


DD 
Cle DO 


Silver Ag 

alloys. | *AgCu 
AgCu 
AgCu 
AgPt 
AgPt 
AgPt 
AgPd 
AgAu 
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% Cu 
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Copper Cu 

alloys. CuAg 
CuAg 
CuAg 
CuAu 
CuAu 
CuFe 
CuZn 
CuZn 
CuZn 
CuZn 
CuZn 
CuSn 
CuSn 
CuSn 
CuSn 
CuSn 
CuP 
CuP 
CuAs 
CuAs 
CuAs 


bo 


Row 


>) 


— 


oO 


—) 


(a+m=nd,) 
Gold alloys 
=+0°00721 +0°00010 
Silver alloys m= —0°000112+0°000031 
0°00538 +0°00085 
Copper alloys += —0-000886+-0°000040 
n= 0°000551--0-00012 


concides with the initial curves throughout an enormous ex- 
tent of their course. Matthiessen* who expressed a similar 


* Matthiessen and Vogt: Phil. Mag. (IV), xxvii, p. 467, 1863; Pogg. Ann., cxxii, 
p. 19, 1864. 


| 
| 3-69 
1 | 2°68 + 2 
( | 0:79 — 4 
1:03 +8 
0°74. 
| 681 | 383 | £0 
| 514 | 
| 480 269 | +11 
| 202 | 4.4 
| 43 034 | —1 
BB | —9 
| 139, 086 | +4 
653 | 398 | 
527. 
447 | 2-85 +18 
538 | 3°35 —$ 
131 | —25 
249 | 16 
| 387 252 
| 300 | 2°04 +2 
136 | 4114 +74 
2 139 115 +12 
140 | 1°16 +21 
400 | 2°59 +9 
| 6 1 126 | 108 | —8 
ll 77 | O81 ~I12 
12 665 | O74 | —7 
14 56 —14 
9 47 | 0°64 —16 
391 2°54 +10 
82 0-84 —10 
| AS 40 061 | —9 
* Rejected. 7 
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result under a somewhat involved form, was well justified in 
computing by means of it the conductivity of a pure metal 
from data found for metals slightly impure. This computation 
premises the truth of Matthiessen’s other principle that with 
certain distinct exceptions, the electrical temperature cofticients 
of all pure metals are the same (ef. § 6). 

4, After Matthiessen and Vogt the curious relation in ques- 
tion seems to have failed to enlist further attention, and T 
believe that the next systematic investigation is that made by 
Dr. V. Strouhal and myself in studying the electries of the 
iron-carburets.* We did not, however, in the former paper 
reduce our results from the curvilinear form in which they 
appear when temperature coefficient is expressed in terms of 
resistance, to the curves of the present linear character; and 
hence I may expediently make this reduction here. If tem- 
perature coefficient (y) be expressed as a function of specific 
resistance (w), and if a curve be passed through all the points 
investigated for iron, steel, cast-iron, then the following prin- 
cipal codrdinates obtain : 

a= 15 45 70 
y=0°00420 0°00166 0°00130 


Interpreted by an hyperbolic equation of the form 
(x+l) (y+m)=n, these data lead to constants 


l=—3°73, m= —0-000706, n=0°0394, 


which do not reproduce the graphic curve satisfactorily. 
Neither is 7 by any means negligible, so that the reduction to 
linear forms is out of the question. At first sight this seems to 
prove that iron, steel and cast iron do not here form a unique 
series; that the resistance variation due to the change of car- 
buration from iron to cast-iron is in its nature different from 
the resistance variation observed on passing from soft to hard 
steel. It appears below, however, that the favorable position 
of iron here unduly influences the result. I will temporarily 
withdraw both iron and cast-iron from the series. For steel 
alone we found (using the graphic method already referred to) 

28°9 45°7 

y= 0°004238 0°00244 0°00161, 
which data interpreted by the equation (c+) (y+m)=n now 
lead to the constants 


7=0°78, m= —0°0001435, n—0°0682. 
Here the constant 7 is small, being only about five per cent of 
the smallest steel value of 2 admitted. Inasmuch as a result 


* Cf. Wied. Ann., xx, p. 525, 1883; Bulletin U. S. G. S., No. 14, p. 15. to 25, 
1885. 
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similarly favorable to the reduction to linear forms is obtained 
by adding cast-iron to the steel series, I have assumed the 
equation 

x(y+m)=n. 


Using this equation as a basis for the application of the method 
of least squares, the observations of Dr. Strouhal and myself 
lead to the results contained in the following table. These 
results are easily understood, and I need hardly add that 
according to §1, the conductivity and temperature-coefficient of 
steel are respectively 


0) and 


TABLE II.—Showing Strouhal and Barus’ results for the electrics of iron-carburets, 


F (0) (F? (0)/F(0)+m)=n. 


Metal. | Temper. 7(0). f”(0)/F(0). | Diff. 


Observed. 'Computed. 
Steel | Soft °f 0:00423 | 0°00417 
Annealed light blue 360 | 366 
full blue | 20% 330 | 
yellow | 26: 280 
light yellow} 244 
| Glasshard 161 
Cast iron | 129 


m= —0°000438-0°000097 
n =+0°05930 +0°00151 

Applied to steel alone, the constants computed by the method 
of least squares show even better agreement, viz: 


m= —0°0003034-0°000079 
n=+0°0620 +0:0017 

I omit the details, with the mere remark that the difficulties 
of measurement with a molecularly unstable brittle body like 
hard steel are great.* 

5. I desire now to add to these remarkable results the new 
data which I found for platinum alloys. I shall endeavor to 
make my series more nearly complete; to investigate points 
more nearly contiguous and nearer in position to the pure 
metal than was the case in the foregoing series, as well as to 
introduce a great variety of platinum alloys. For both in 
Matthiessen and Vogt’s results, and in Dr. Strouhal’s and my re- 
sults, the position of the individual points is not always near 

* Prof. J. H. Langley kindly called my attention to recent data for manganese 
steel. Looking up Fleming’s work (Lum. electr., xxvii, p. 589, 1888), I found his 
results to be s==68 anda=0'0012. In the above diagram s=68 corresponds 


to a=0°0013, showing satisfactory accordance with experiment even in this region 
of abnormally high specific resistance. 
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enough together to fully exhibit the character of the locus be- 
tween them. Unfortunately the body of platinum from which 
I made my alloys was not rigorously pure, an annoyance which 
in the course of other parts of my work I had occasion to re- 

ret. So far as the present investigation goes, however, the 
hurtful effect of the impure platinum body is nz. It will ap- 
pear even more clearly below, that the law to be investigated 
is independent of the ingredients of the platinum alloy, ex- 
cept in so far as they modify its electrical conductivity. Al- 
loying here is merely a means of modifying resistance, and the 
results are studied with regard to the resistance produced, not 
with regard to the way in which resistance is moditied. 

6. In making the alloys a weighed amount of platinum was 
fused down on a lime hearth before the oxyhydrogen flame. 
The foreign ingredient was then added, and the product after 
cooling rolled down and drawn to wire form. The initiated 
will know that accidents are not infrequent and that the tedi- 
ous operations must often be repeated. The details of fusion 
and other manipulation are given in the Bulletin. To make 
the electrical measurement, selected parts (length 30, diame- 
ter 0°045™) of the wires were annealed at a red heat and then 
wrapped in a single layer around a little cylinder of porcelain 
(length 2™, diameter 0°45™) in such a way that the spires of 
the helix did not touch. The ends were appropriately fused 
to copper terminals. The little helix was then introduced into 
the space of constant temperature of my bot/ing tube, and con- 
secutively heated to 25°, 100° (steam), 357° (mercury vapor). 

The results of the measurements are given in the following 
table. The series contains 57 alloys, of which J, denotes the 
density and s, the zero specitic resistance. The table contains 
two values for the temperature coefficient a, the first of which, 
ai°°, holds for the mean increase between 0° and 100°, the 
second between 0° and 357°, linear equations presupposed. 

The wires A, B, CO, are of the same platinum body (B), pu- 
rified by long-continued intense fusions on lime, before the 
oxyhydrogen blow-pipe. 

he relation of these data to each other may be exhibited 
graphically, and since a1°° is very nearly 7’ (0): f (0), the fol- 
lowing chart, figure 1, preferably represents a}°° as a fune- 
tion of s, A’few unmistakably exceptional values of a}°° are 
either rejected or replaced by a357, the justification of which 
is shown in the Bulletin. 

The chart shows clearly, I think, that the alloys of platinum 
may be regarded as a class of materials possessing generic elec- 
trical properties : for the effect of alloying platinum with small 
amounts (<10 per cent) of any other metal, is a variation of 
temperature-coefficient in a way which is independent of the 
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TABLE III.— Showing the electrics of platinum alloys. 
Metal alloyed 3.7100 3. 7367 
No. Platinum. Ao So 10° x aj 10? x a2 
A Platinum By 12°0 2:90 2°65 
Cc Platinum 13°3 2°52 2-58 
B Platinum 21°31 14:9 2°30 2°22 
1 Gold 21°29 185 1°78 1°62 
2 Gold 21°22 22°1 1°45 1°33 
3 Gold 21°17 24°7 1:27 | 109 
4 | Silver 19°1 1°80 161 
5 Silver 20°99 1:46 | 1°02 
6 Silver 19°40 34°0 1°02 O71 
7 Palladium 2101 18°9 1°75 | 1-62 
i 8 Palladium 20°54 20°9 1°53 1:48 
9 Palladium 19°91 239 1°29 118 
10 Iridium 19°4 1°72 
11 Iridium 21°28 20°4 1°63 | 1°50 
12 Iridium 21°32 23°6 1:28 1:2] 
13 Copper 20°68 31°8 0°89 | 0°83 
14 Copper 20°60 33°6 0°80 0°72 
15 Copper 18°80 63°6 0°26 0°20 
H 48 Copper 20°92 25°3 1°27 | 114 
49 Copper 19°56 53°6 0°29 O15 
16 | Nickel | 20-69 21-7 1°68 1-46 
| 17 Nickel 19°89 26'8 1°34 119 
18 Nickel 1875 | 1:05 087 
19 Cobalt 20°59 28°6 1:09 1°04 
| 20 Cobalt 19°84 39°6 0°89 0-74 
21 Cobalt 19°33 30°7 1°57 1°36 
40 Cobalt 19°10 1°30 0°83 
Cobalt 20:99 24:0 1:39 
22 Iron 20°63 36°3 0-74 0°74 
23 Tron 20°33 41°8 0°66 0°64 
24 Tron 19°59 59°9 0°37 0°36 
42 Tron 19°75 62°5 0°44 0°39 
43 Iron 20°89 28°8 1°12 0:98 
50 Steel 19°58 60°2 0°44 0°39 
51 Steel 1995 | 492 | 0-77 0°64 
25 Chromium 20°91 27°4 114 1:06 
26 Chromium 20°51 40°9 0°65 0°62 
27 Chromium 20°16 52°4 0°56 0°49 
44 | Chromium 20°76 0°95 0°87 
28 Tin  3ril 21°5 1°55 1°49 
29 Tin 20°97 25°6 1:27 1:20 
30 Tin 20°45 398 0°66 
31 Aluminium 2046 25°3 | 0°86 133 
| 32 Aluminium 20°72 21°2 1°56 1°50 
{ —|—— | — 
3 Manganese 20°81 25°6 1°28 114 
34 Manganese 19°43 0°43 
35 | Molybdenum 21°26 160 213 1-94 
36 | Molybdenum 21°26 1°76 1°69 
45 Molybdenum 21°30 2°06 1°88 
37 Lead 14°6 2-28 2°23 
46 Lead 21°24 17°0 2°02 1°82 
38 Antimony 20°75 29°5 Itt 1°09 
47 Bismuth | 21°33 15 83 2°10 2°03 
52 Zine | 20°10 44:2 0°51 0°32 
54 Zine | 20°98 24°5 1°34 114 


| 
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special ingredients of the alloy, and which depends only on 
the resistance-position of this alloy in the class. I venture to 
assert therefore that the arrangement of points is in accordance 
with a definite underlying law, with reference to which excep- 
tional data are to be interpreted. The law in question appears 
to me particularly noteworthy as being among those which spe- 


& / / 
A, 


Figure ].—Showing the relation between temperature-coefficient (a) and elec- 
trical resistance (s), in case of platinum alloys. 


cially hold for the solid state. In his experiments on the con- 
ductivity of solid mercury, C. L. Weber* found its resistance 
to increase fourfold in virtue of fusion. Simultaneously with 
this variation, the temperature-coefticient of solid mercury 
(0:00455) falls to the relatively very low value (0:000927 be- 
tween —30° and +45°) which holds for the liquid metal. 
Weber points out the close approximation of the temperature 
coefticient of solid mercury to that of the other solid metals, 
and infers even closer agreement at temperatures sufficiently 
below the melting point of mercury. It is in a similar sense 
that in §1 I referred the properties to be investigated in this 
paper to a class of alloys characterized by high melting points. 


* C. L. Weber, Wied. Ann., xxv. p. 245, 1885. The large variation of resist- 


ance at the melting point, observed in case of mercury and other metals and 
alloys (K, Na, etc.), suggests the striking adaptability of these substances for 
experiments on the relation between melting point and pressure; or in general 
on the continuity of solid and liquid state. Change of resistance is here the 
criterion of fusion. 
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7. Having thus obtained some general notions of the depen- 
dence of /’(0)/7 (0) on /(0), it is in place to inquire more fully 
into the form of this dependence. I will proceed in a manner 
similar to that employed in §4, and postulate the hyperbolic 
equation (v+/)(y+m)=n. Availing myself of the chart, figure 
1, selecting for preliminary computation a set of codrdinates as 
carefully as possible from it, 


e211°7 y=0°'00300 
20°0 164 
50°0 050 


I find the constants 7, m, n to be 
l=—0°1360, m=0°0002548, n=0°03764. 


The values found for 7, m, n are exceedingly significant. 
Since w varies between 10 and 70, 7 is in general much less 
than one per cent of x. This observation at once suggests the 
assumption of a simpler form of equation in which /=0. 
Again the positive character of m indicates that larger values 
of a1°° would tend still further to simplify the equation (w+) 
(y+m)=n. But a}°° > a357 follows from the experiments ; 
hence also 


and therefore the postulation of a(y+m)=n is altogether war- 
ranted. 
To obviate the necessity of a complete recalculation of a, I 
used the following method of passing from a1°° and a357 toa. 
If the values s, s’, s’’, correspond respectively to ¢, ¢’, ¢’’, and if 
8 8’ 3" 
ttat+ft? ~ ~ i+at’+/t'” 
it follows that 
(st'—s't) (st’’® —s"'t®) — —s"'t) (st’? —s’t?)’ 


from which it is easy to deduce a—a}°° in terms of a} °° —a357, 
Now st”—s’"t=D” and st’—s’t= are already known from 
the earlier computations ; and when a correction only is sought 
st? and 8’t? may here be neglected as compared with st’? and 
st’3, respectively, ¢ being small in comparison with ¢’ and 7%”. 
Hence 


—qior0— 
a ao ~ 7’ 
which equation, since the fraction (¢’/t’)? is constant, is a con- 
venient form, and.much of the correcting may be done men- 
tally. I may add that the three quantities 19°, a357, a357 
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have similarly simple approximate relations to each other; for 
instance, 

(a 99 —a357), 
and since the fraction (¢/’—?’/(¢’’—2) is constant, such reduc- 
tions also are mental. I observe finally that the effect of these 
corrections is only a few units of the last figure. The methods 
are therefore sufficient. 

8. Having made this preliminary survey, the data are avail- 
able for the calculation of m and n by the method of least 
squares. It is expedient, however, before doing so, to put the 
postulated equation under the form 

where 1/f(0) is the zero value of the electrical conductivity 
of the alloy whose temperature-coefticient is a. This equation 
when operated on by the method of least squares does not give 
inordinate ‘preference to high values of specific resistance ; and 
since such high values can not be warranted with a greater 
degree of accuracy than the low values, the said equation may 
most expediently be made the basis of computation. 

The following table contains the results and is intelligible 
without further explanation. The alloys 10, 11, 12 which I 
insert for completeness, weré added subsequently to the caleu- 
lation. 

The probable errors of m and x indicate that the inaccuracy is 
largely incurred in the measurement of (0) /f(0). The con- 
stant m is much more fully warranted. 

9. Endeavoring to describe the platinum alloys as a class 
possessing generic electrical characteristics it is permissible to 
abstract from the minute and isolated behavior of the individual 
alloy. It appears that the electrical temperature-coeftficient 


(7’(0)/f(0)), varies as a linear function of conductivity’ 


(1: f(0)), throughout the whole of the enormous variation of 
electrical resistance (10 to 65 microhms, ¢. ¢.), presented by 
platinum alloys not too highly alloyed ( <10 per cent). In other 
words, if at ¢’, the specific resistance of a platinum alloy be 
denoted by /(z,¢), where ¢ symbolizes temperature and ¥ is a 
variable parameter, then 


(X59) (7,0) + 0°000194)=0°0378, 


It is perhaps not superfluous to remark in passing that if in- 
stead of the arbitrary temperature 0° C., some other value more 
in keeping with the qualities of platinum alloys had been 
selected, the constants m and n would present different values; 
and it is conceivable that correlated values of f(¢) and /(é) 
may exist for which the constant m is annulled, and for which 
the given equation takes the simple form vy = n’. 
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TaBLe [V.—Electrics of platinum alloys. Digest f (0) (f’ (0)/f(0)+m)=n. 


N fo | Observed | Calculated |: Error Metal alloyed 
\(f7(0) /f(9)) x « 103.| x 107. to platinum. 
A | 120 2-96 | 2-94 +2 Pt 
© 13°3 2-50 2°66 | =16 Pt 
it B 14:9 2:33 | 2:34 — 1 Pt 
1 18°5 1:84 1°84 Au 
2 221 | 1:49 1°51 Au 
3 24-7 | 1:33 1°34 Au 
4 | 1:87 1°79 + Ag 
i] 19°4 1-76 1°75 Pa 
q 8 | 204 1-67 1°66 Pd 
f 9 | 23.6 1:30 1°40 Pd 
10 19:4 1-76 1°75 +1 | Ir 
20°4 1-67 1°66 Ir 
12 23°6 1-30 1°40 —10 Ir 
13 31% 0-91 1°00 Cu 
14 33°6 0-83 0°93 Cu 
H 15 63°6 0-21 0°40 —19 Cu 
48 25°3 1°31 1:30 + 1] Cu 
49 53°6 0:34 0-51 Cu 
1 | 1°75 155 | 4.20 Ni 
| 1°39 1°21 | +18 Ni 
18 32°8 0:96 +15 Ni 
19 28°6 lll 1°13 | Co 
20 39°6 093 0-46 +11 Co 
41 24:0 1°43 1:38 | + 5 Co 
22 | 0-74 0-84 —=10 Fe 
23 | 41°8 0°67 0-71 aa Fe 
24 59°9 0°37 0°44 Fe 
42 62°5 0:46 0-41 + 5 Fe 
43 | 287 1°21 1°12 + 9 Fe 
50 60°2 0°46 0-43 + 3 Steel 
51 49°2 0°81 0°58 | +23 Steel 
25 27-4 1°17 1:19 Cr 
26 40°9 0°66 0-73 | at Cr 
27 52°3 0°58 0°52 | + 6 Cr 
44 31-1 0:98 | 1:02 | Cr 
28 21°5 1°57 1:56 +1 | Sn 
29 25°6 1:29 1:28 Sn 
30 | 0°70 | 075 5 Sn 
32 21°2 | 1°58 1°59 ae | Al 
33 25°6 1°33 1:28 + 5 Mn 
34 | 0°55 | Mn 
35 160 | 2°20 218 +2 Mo 
36 189 | 1°78 1:80 Mo 
45 164 | 2°12 | 211 +10 Mo 
37 146 | 2°30 | 2°38 —s Pb 
46 170 | 2°09 2°03 + 6 Pb 
38 29°5 | 1:12 1:09 + 3 Sb 
158 | 2:12 2:19 Bi 
52 442 0°57 0°66 9 Zn 
54 24°5 1°41 1°35 + 6 Zn 


m=0'0001939+ 0'0000233 
=0°08778 +0°00054 


| 

| 
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10. It is desirable finally to give as graphic an exhibit of 
the results taken collectively, as possible. Unfortunately any 
seale which clearly presents the results for gold, silver and 
copper, will crowd the results for platinum and the iron-carbu- 
rets; and vice versa. Perhaps the following chart, fig. 2, will 


percentage alloys. 


Figure 2.—Diagram of the relation between temperature coefficient (a) and conductivity (40) for certain low 
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represent the relation here involved. The constants of the 
lines drawn through the points are given at the end of the 
tables in §§3, 4 and 7. In the cases of silver, of gold, of 
platinum and of steel, the distribution of the points with 
reference to these lines is satisfactory, when the errors intro- 
duced by the mechanical treatment, by variations of hardness, 
and particularly by imperfect homogeneity are justly taken into 
account. In many cases, moreover, the percentage presence of 
foreign ingredient is greater than that specified in §1. As all 
this is even more frequently the case with alloys of the oxyd- 
izable metal copper, the line computed by the method of least 
squares does not fairly represent these observations. The ex- 
ceptional points here are the alloy of Cu with 224 per cent 
Ag, and the brasses with 23-6 per cent, 29-4 per cent and 42:1 
per cent Zn. If these high per cents are rejected, the line for 
copper* will agree more nearly in character with the lines for 
gold and for silver, as it will tend more nearly to intersect the 
origin of codrdinates (smaller numeric m). Applying the 
method of least squares for the case in which the inadmissi- 
ble copper alloys are withdrawn, I find m=—0°278 and 
n= +0°005655, and of course a better agreement between ob- 
served and calculated a throughout. In figure 2, however, I 
have nevertheless inserted the line calculated for all the copper 
alloys in hand. 

An interesting peculiarity of the steel line is that it leads to 
a larger value for the temperature-coefficient of iront than 
that hitherto accepted. Comparisons of absolute values must 
however be made with caution, because of the great variety of 
electrical standards used by different observers. The high 
temperature-coefficient of iron is in conformity with relatively 
high values usually shown by alloys containing iron (ef. fig. 1.) 

desire finally to advert to the occurrence of the relatively 
small values of the constant, m, as computed for each of the 
series of silver, copper, gold, platinum and steel alloys. There 
is a marked tendency in all the cases stated to intersect the 
codrdinate axes very near the origin. Inasmuch therefore as 
($1) a=f'"(y,0)/ (7,0) and 4,=1/ (7,0), the slopes of these 
lines are very nearly equal to 7/’(y,0); or more rigorously to 
7(0,0), since their true nature is that of an initial tangent 
(cf. §3.) In $11 it appears that I am not asserting, how- 
ever, that these lines do pass through the origin. 

* Those who have worked with copper alloys, will know the extreme difficulty 
encountered in making the individual points conform to any uniform curve. The 
data usually make up a diagram of very broken lines, as in the above work of 
Matthiessen, and in results of Dr. Strouhal and myself. Further comment is 
made in the Bulletin. 

t In his research on the conductivity of iron, Auerbach (Wied. Ann., viii, p. 479, 
1879), discusses reasons for the exceptionally high value of the temperature- 
coefficient of iron. > 
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11. Taking the results collectively, they point to a limit be- 
low which in the case of solid metals and at ordinary tempera- 
tures, neither electrical conductivity nor temperature-coefticient 
can be reduced; whence it appears that a lower limit of both 
conductivity and temperature-coefticient is among the condi- 
tions of metallic conduction, not to say of metallic state.* 
These considerations are suggestive and I shall therefore en- 
deavor to make what I have in mind clearer. In the case of 
conduction in metals (solid or liquid) the effect of temperature 
is a decided decrease of conductivity, continuing apparently, 
as temperature increases, indefinitely.t In the case of con- 
duction in non-metallic elementst or in electrolytes (solid or 
liquid) on the other hand, the effect of temperature is a decided 
increase of conductivity, which supposing the liquid state to 
be retained, continues as temperature increases. Hence con- 
duction in metals is distinguished from conduction in electro- 
lytes in this respect, that if the temperature coefficient in the 
one case (electrolytes) be regarded positive, its value in the 
other case (metals) must be negative. ‘l'his leads me to in- 
quire into the possible occurrence or the nature of a class of 
substances whose temperature-coefficient is zero; a class of 
substances in other words in which the metallic and the 
electrolytic modes of electric conduction may be supposed to 
converge. § 

The point which I have in view, viz: the possibility of a 
continuous transition from metallic to electrolytic conductivity 
gains much in reasonableness by associating with good metallic 
conductivity the correlative property of optic opacity. Rela- 
tions between electricity ard light have been investigated and 
many experimental facts are known. Maxwell’s electro-mag- 

* Recent researches of v. Ettingshausen and Nernst and of C. L. Weber (Wied. 
Ann., xxxiv, p. 582, 1888), show that the resistance-temperature coefficient of 
bismuth is often negative between 0° and 100°. Kdward Weston has made alloys 
of copper, ferro-manganese and nickel of which this tempcrature-coefficient is 
nearly zero or even negative (Science, xii, p. 56, 1888). These exceptions, the 
underlying cause of which is probably secondary und to be referred to structural 
or crystalline modification, emphasize the vast amount of evidence in favor of the 
normal behavior given in the text. 1 may add, for instance, that the temperature- 
coefficient of glasshard steel between 0° and 100°, would be nearly zero because 
of annealing. 

+ Following Benoit (C. R., Ixxvi, p. 342, 1873) the electrical resistance of all 
metals increases with temperature at an accelerated rate, except in the case of 
platinum and palladium, where the rate of increase is retarded. Benoit observes 
at temperatures limited by the boiling point of zinc. 

¢ Matthiessen (Pogg. Ann., ciii, p. 428, 1858), W. Siemens (Wied. Ann., x, p. 
560, 1880) and others (Bergmann, Kemlein, Muraoka) find this to hold for 
modifications of carbon. Similar increases of conductivity are usually observed 
in the case of selenium and tellurium (Hittorf, W. Siemens, Mattheissen. and 
many others); but the relations here are complicated. Quite recently Duter 
(C. R., March 19th, 1888) has shown that sulphur conducts at its boiling point. 
It is this investigation which I have specially in mind in the text. 

§ Something of the kind may perhaps occur in the case of some natural sul- 
phides, but it is not open for systematic study and its nature is obscure. 
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netic theory of light furnishes a theoretical basis for the fact 
that true conductors are exceedingly opaque. The resistance 
of solid metals, however intensely they may be heated, is 
- found to increase so long as temperature increases. Never- 
theless the careful experiments which Govi* made to interpret 
an erroneous result of Secchi, prove that solid metals even in 
extreme states of white heat remain opaque. In the case of 
liquid metals at extreme white heat the case is not so definitely 
established ; and the question relative to the ultimate transpar- 
ency of liquid metals at very high temperatures is an open one.t 
It is in the direction of ultimate transparency that the ob- 
served continuous increase of resistance with temperature 
seems definitely to point. 

It is reasonable to infer that the transition from opaque to 
transparent§ will take place in the region of the critical tem- 

erature. At least such transition must ultimately occur; and 

am led to conjecture that the said transition from opaque 
to transparent will be accompanied by a change of the values of 
the electrical temperature coefficient, passing from the negative 
value which holds for the liquig metal, to the positive value 
which will probably hold for the gaseous metal, continuously 
through zero. The fact that conduction in gases is of an 
electrolytic nature was proved by Varley,| who showed that 
after the polarization of the electrodes is overcome, gases 
obey Ohm’s law. The electric strength of air is known 
to diminish rapidly as temperature is increased. Working 
with hot gases carefully insulated and protected from flames, 
Maxwell4| was unable to obtain conduction either in hot 
gases like air or in hot metallic vapor like Hg or Na. 
At higher temperatures (red heat) the researches of Blondlot,** 
confirming the observations of E. Becquerel,t+ prove that 
hot gases are conductors, and that at temperatures sufficiently 
high 457 volt is enough to set up a current. Hence in 
their thermal relations also, gases ultimately partake of the 
nature of an electrolyte, and the occurrence zero value of 
the temperature coefficient may be reasonably associated with 
the critical temperature of the metallic liquid, passing con- 
tinuously from the liquid into the gaseous state. 


* Govi, Comptes Rendus, Ixxxv, p. 699, 1877. 
+ Secchi, Comptes Rendus, lxiv, p. 778, 1867. 
¢ W. Ramsay, Chem. News, lv, pp. 104 and 175, 1887; Turner, ibid., p. 163, 
1887; Professor T. Sterry Hunt has given the question some attention. Kundt’s 
recent experiments (Wied. Ann., xxxiv, p. 469, 1888), on the refractive index of 
metals will doubtless lead to more definite results than the data now in hand, 
§ The jet of liquid hydrogen escaping from Pictet’s apparatus appeared steel- 
blue, and was opaque for a distance of about 12°™, 
Varley, Proc. Roy. Soc., xix, p. 236, 1871. 
Maxwell, Elementary Treatise on Electricity, ed. by Garnett, 1881, §$138, 139. 
** Blondlot, Comptes Rendus, xcii, p. 870, 1881; ibid., civ, p. 283, 1887. 
++ E. Becquerel, Comptes Rendus, lv, p. 1097, 1867. 
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Art. XLIV.—On the Puget Group of Washington Terri- 
tory; by Cuartes A. Wuire. 


[Published by permission of the Director of the U. S. Geological Survey. ] 


ABOUT two years ago, Prof. J. S. Newberry placed in my 
hands for study a small collection of fossil mollusca which he 
had obtained from the coal-bearing formation in Puget Sound 
basin in Washington Territory. This collection represents a 
hitherto unpublished brackish-water fauna, which characterizes 
a formation that possesses unusual interest. All the discovered 
species of this fauna will be described and illustrated in Bulle- 
tin 50 of the U. 8. Geological Survey, where also the formation 
will be discussed. Twelve species have been recognized, of 
which the following is a list: Cardiwm (Adacna ?) ?, Cy- 
rena brevidens, n.s., Corbicula Willisi, n.s., C. Pugetensis, n.8., 
Batissa Newberryi, n. s. B. dubia, nu. s., Psammobia ob- 
scura, n. 8, Sanguinolaria ? caudata, n.s., Teredo Pugetensis, 
n. s., Veritina ?, Cerithium ? and an undetermined 
gasteropod. 

The formation from which these fossils were obtained is 
known to occupy a large part of Puget Sound basin, and to 
extend upon the western flank of the Cascade range, which 
forms the eastern side of the basin; but all the boundaries of 
the area which it occupies are not at present known. Besides 
these strata which lie to the west of the Cascade range, other 
similar deposits are found upon its eastern flank, as well as at 
certain localities among its higher mountains. All these de- 
posits are believed to belong to one and the same formation, 
although those within, and east of, the Cascade range have not 
yet furnished any molluscan fossils similar to those found upon 
the western side of the range. Certain unique features of the 
fauna referred to show that the strata in which the remains 
were found were deposited in a body of water which was 

uite separate from that in which was deposited any one of 
the coal-bearing formations in the Pacific Coast region or else- 
where. Its zoological character indicates that the body of 
water in question was an estuary ; and the extent of the district 
within which the deposits have been found shows that that 
estuary was a very large one. 

The most complete information that has yet been published 
concerning this formation appeared in volume xv of the reports 
of the Tenth U. 8S. Census, pp. 759-771, plates LXXXII-CII. 
That publication, which is entitled “A Report on the Coal 
Fields of Washington Territory,” is by Mr. Bailey Willis, who 
accomplished the work upon which his report is based under 
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the auspices of the Northern Transcontinental Survey. The 
special object of his report having been the presentation of the 
coal resources of that region, the discussions are confined mainly 
to its coai-bearing formations; and the report therefore does 
not embrace a full account of the geology of the whole region. 
Still, Mr. Willis has given some comprehensive facts as well as 
many elaborate details concerning this formation in the report 
referred to; and as my own field labors upon the Pacific coast 
have not extended to the northward of the Columbia river, my 
knowledge of many of the facts which are stated in the follow- 
ing remarks has been derived from him, and from Professor 
Newberry. 

The orogenic elevations of the Pacific Coast region extend 
in two lines which are approximately parallel with each other 
and with the coast. The eastern line consists of the Sierra Ne- 
vada in California and of the Cascade range in Oregon and 
Washington Territory. The western line, known as the Coast 
range in California, is more or less distinctly recognizable 
through western Oregon, and extends northward of the Co- 
lumbia river into Washington Territory; but it there sinks to 
low hills before reaching the Olympic cluster of mountains, 
which forms the northern end of the line. This cluster is a 
prominent feature of that district, its higher peaks rising to 
more than 8000 feet above the sea level. 

The relief of this great strong-featured Pacific Coast region 
is the product of several uplifts, differing in time, extent and 
locality, the whole history of which is not yet clearly under- 
stood but the facts of interest in this connection may be pro- 
visionally stated as follows. The Cascade range, which has 
been recognized as distinct in structure and origin from the 
Sierra Nevada range, although in a general line continuous 
with it, has been considered to be itself simple; but it is in 
reality quite complex. In Oregon it is composed of erupted 
material, often of great thickness, which has been observed to 
rest upon nearly horizontal sedimentary strata of Cretaceous 
age; and in southern Washington Territory it consists of enor- 
mous masses of erupted rocks overlying highly flexed sedimen- 
tary strata of late Mesozoic or early Tertiary age. In the 
northern half of the same Territory the range is made up en- 
tirely of granite, crystalline schists and volcanic rocks. As 
bearing upon the subject in hand, it may be stated bere that 
the Tertiary rocks, which prevail in the Coast range generally 
seem to be wanting in the Olympics which, in this respect and 
in their composition, resemble the northern portion of the Cas- 
cade range. 

Between the two long lines of orogenic elevation before re- 
ferred to, lie the great valleys of the Sacramento and San Joa- 
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uin rivers in California, of the Willamette in Oregon, and of 

uget Sound (known as Puget Sound basin) in Washington 
Territory. The latter valley was the scene of deposition of the 
coal-bearing series of strata which is characterized by the mol- 
luscan fauna already mentioned. 

Mr. Willis describes this formation as consisting of “alter- 
nating beds of yellow and fine grained sandstones and very 
fine arenaceous shales interstratified with many beds of carbon- 
aceous shale and coal; the individual strata of sandstone and 
shale, from 20 to 200 feet thick, maintain the same general 
character wherever observed.” He further says that a section 
measured near the town of Wilkeson in Puget Sound basin 
“gives a minimum thickness of 13,200 feet, with a probable 
maximum of 14,500 feet.” The surprise that one feels upon 
learning of the extraordinary thickness of this estuary deposit 
is increased by Mr. Willis’s statement that, so far as he could 
observe, the contained molluscan fauna ranges vertically through 
the whole formation. 

This is surely a remarkable deposit for one of estuary origin, 
but it is so regarded in consideration of the following facts: 
No trace of an open sea fauna has been found in it, while all 
the molluscan remains that have been found in it are related 
to estuary forms. These remains embrace species of the Cor- 
biculidee, the members of which family are known to range 
from brackish to fresh waters. These forms are associated 
with certain others whose living congeners are known to range 
from marine to brackish waters but not into fresh.waters; and 
the strata of this deposit contain an abundance of vegetable re- 
mains, which doubtless came from local swamps and adjacent 
shores. 

No specimens of this fauna have yet been discovered beyond 
the present limits of Puget Sound basin, nor in any other for- 
mation than those from which Professor Newberry’s collection 
was made. But if, as is inferred from a general similarity of 
lithological characters, the absence of marine fossils, the pres- 
ence of coal beds and of identical species of plant remains, and 
from similarity of position with relation to older and later for- 
mations, the deposits which are found upon the eastern side, as 
well as within the body, of the Cascade range in southern 
Washington Territory, constitute parts of the same formation 
which is found upon the western side, the scene of its deposi- 
tion extended much beyond the limits of Puget Sound basin. 

This conclusion of course implies that the portion of the Cas- 
cade range upon which those strata are found was not then ele- 
vated, as was the northern portion, and that the outline of the area 
within which this deposit was made was very different from 

Am. Jour. Series, Vor. XXXVI, No. 216.—DeEc., 1888. 
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what would be suggested by any of the present topographical 
features of the region. That the present topographical features 
of that region differ greatly from those which prevailed dur- 
ing the Puget epoch is indicated by other observations of Mr. 
Willis. or example, he noted the absence of the Puget Group 
high up in both the Olympic, and the northern Cascade moun- 
tains, which leads him to believe that while that formation was 
being deposited, the former mountains constituted an island, 
and the fatter, a peninsula. It is hardly to be supposed, how- 
ever, that the topographical features of that region were per- 
manent throughout the whole of the Puget epoch, because the 
range of the molluscan fauna through the whole thickness of 
the*formation, as already mentioned, indicates that there was a 
constant subsidence over the whole area within which the de- 
posit took place, during the whole time of its accumulation. 
Certain topographical changes in that neighborhood at least, 
must have accompanied such a subsidence. 

In the report of Mr. Willis, already referred to, he not only 
regards this formation as equivalent with the Laramie Group, 
but he provisionally applies the same name to it. His reasons 
for doing so, in addition to the fact that, like the Laramie, this 
group apparently rests directly upon upper Cretaceous marine 
strata, appears in the following paragraph which he has kindly 
furnished me from an unpublished report of his upon a dis- 
trict which lies to the eastward of Puget Sound basin. 


“The Laranie ? of the Wenatchie Valley.” 


“The Wenatchie river cuts a section across unmetamorphosed 
conglomerates and sandstones bent in broad folds over axes 
having a general north and south trend. This formation flanks 
the Peshastan range on both sides, occurring on the south on 
Schwak creek, and in the Klealim valley, and forms some of 
high crests of the Cascade range north of Natchez. It is the 
last formation deposited before the elevation of the Cascade 
range and its spur, the Peshastan, and is thus identified, as well 
as lithologically and in its stratigraphic relations, with the 
Puget Sound Coal measures, the latter having been assigned to 
the Laramie by Prof. J. S. Newberry on the evidence of the 
leaf impressions.” 

I think that all the known evidence is strongly in favor ,of 
the view taken by Professor Newberry and Mr. Willis as to the 
equivalency and probable contemporaneity of the Puget Group 
with the Laramie ; but it may be regarded as certain that these 
two formations were deposited in separate bodies of water and 
under materially different conditions; and that they were sep- 
arated by a land area of considerable breadth. The area, how- 
ever, was not so broad as to make it unreasonable to suppose 
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that an arboreal flora extended entirely across it, and scattered 
its autumnal leaves into the Laramie sea upon the one hand 
and into the Puget estuary on the other. Possibly it may 
yet appear that terrestrial vertebrate, and molluscan faunas also 
extended across the same area by the discovery of their re- 
mains in both the Laramie and Puget groups. 

Besides the evidence which is furnished by the character of 
the gill-bearing fossil mollusca of the Laramie and Puget 
groups respectively that they were deposited in separate bodies 
of water, satisfactory evidence exists that the Laramie outlet 
was upon the Atlantic side of the continent, and that the 
Puget outlet was upon the Pacific side. Admitting that these 
conditions existed there seems to be little probability that 
the two faunas had a common origin. Under such cireum- 
stances [ think it better to use separate names for the two for- 
mations; and I have accordingly proposed the name of Puget 
Group for the formation which forms the subject of this article. 

As to what were the original boundaries of the Puget estu- 
ary deposit comparatively little is detinitely known, as already 
intimated. It is probable also that much will aiways remain 
unknown upon this point owing to the great erosion which the 
strata have suffered, and to the presence of large portions of 
the voleanic outflows which have so largely covered them. 
Taking into consideration the extreme points at which strata of 
this group have been found, including those which lie to the 
east of, and among the Cascade mountains, the present indica- 
tions are that the Puget Group originally occupied an area of 
several thousan] square miles. 

That the body of water in which the Puget Group was de- 
posited was an estuary, and not a land-locked sea, as was the 
Laramie, is indicated, as already shown, by its molluscan fauna.* 
But in what manner the Puget estuary was separated from the 
open ocean we have as yet little information. . A natural infer- 
ence would be that the Olympic island formed part of such a 
barrier, but the discovery of marine fossils in the valley of 
Dwamish river, the strata inclosing which were presumably 
formed contemporaneously with at least a portion of the Puget 
Group, would seem to show that the estuary barrier was, a part 
of the time, at least, to the eastward of Olympic island. 

Although the contemporaneity of the Puget and Laramie 
groups apparently need not be questioned, the stratigraphical 
relation of the former to the Téjon Group, which is presuma- 
bly of approximately the same age, has not been satisfactorily 
determined. Vertebrate and vegetable paleontology have fur- 


* The apparent absence of this peculiar fauna from the more eastern strata sug- 
gests that they were deposited nearer to the influx of fluviatile waters, which 
being therefore entirely fresh did not afford a congenial habitat for the species 
which prevailed in the western and brackish part of the estuary 
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nished no evidence upon this point. The invertebrate remains 
which each formation has furnished afford no means of compar- 
ison because those of the Puget Group are estuarine and those 
of the Téjon Group marine: and because the estuarine types 
of molluscan life are always of little if any value as indicating 
geological age. Therefore we are reduced to stratigraphic evi- 
dence alone in attempting to correlate the Puget, with the 
Téjon Group. 

Mention has just been made of the discovery of strata con- 
taining marine fossils at a locality on Dwamish river in Puget 
Sound basin, and not far from typical exposures of the Puget 
Group. <A considerable proportion of the fossils found there 
have been identified with Téjon species, and those Dwamish 
valley strata doubtless represent a part of the Téjon Group. 

Mr. Willis, who has studied the stratigraphy there in connec- 
tion with his work before referred to, regards the position of 
these marine strata with reference to those of the Puget Group 
as having been deposited not earlier than those of the upper 
portion of that group. This view of the stratigraphical rela- 
tions of the Dwamish river strata with those of the Puget 
Group, together with the fact that the fossils of the former are 
of marine origin, suggests that they were deposited in marine 
waters towards the close of the great subsidence that accom- 

anied the deposition of the Puget Group, and indicates that 
the latter group is a local, although a large, chronological rep- 
resentative of a part, or the whole, of the Chico-Téjon series.* 

Now if the strata of the Puget Group were deposited, even 
in part, contemporaneously with the Chico-Téjon series, it is 
probable that some of the species of that series which were capa- 
ble of entering brackish waters may yet be found in the 
Puget strata, and that some of the Puget fauna which were 
capable of entering marine waters may yet be found associated 
with Chico-Téjon species. «As a matter of fact, however, no 
evidence of ‘such a commingling of the species of the two 
faunas has yet been discovered. So far, therefore, we have no 
paleontological evidence of the contemporaneity of the Puget 
Group with the Chico-Téjon series. 

Although no serious doubt is entertained “that the Puget 
Group was deposited in estuarine waters there are certain facts 
which are somewhat perplexing when considered in connection 
with an acceptance of that view. The known area within 
which strata of that group occur shows that the Puget estuary 
was of such great extent that it is difficult to understand how 
so large a body of water could have been uniformly kept so 


#* It also seems to indicate that the western barrier of the Puget estuary was at 
that time and place, not far from the middle of the present Puget Sound basin, 
but it is probable that the position of the barrier was shifted from time to time, 
during the existence of the estuary. 
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nearly fresh as to afford a congenial habitat for such a mollus- 
can fauna as it is known to have possessed, and as was necessary 
for the accumulation of the great thickness of strata in whic 
the remains of that fauna are found, during so long a period 
of time. 

That is, it is difficult to understand how that comparatively 
narrow portion of the continent between the then existing 
Laramie hydrographic basin on the east, and the Puget estuary 
on the west could have furnished a sufficient flow of fluviatile 
water to keep nearly fresh so large an estuary, and keep off the 
encroachment of adjacent marine waters. Even so large a flow 
as is now discharged by the Columbia would seem to have been 
insufficient unless the outlet of the great estuary was greatly 
narrowed by land barriers. 

Again, the evidence presented by Mr. Willis, and also that 
afforded by the fossils, which range without material change 
through a large part of the vertical series, seems to be conclu- 
sive that essentially uniform estuarine conditions were preserved 
over the whole area now occupied by the Puget Group from 
the time of the deposition of its earliest, to that of its latest 
strata. This evidence also discloses the remarkable fact that 
during that time there was a constant subsidence over the 
whole area, until it had reached a maximum of not less than 
twelve thousand feet. 

It is certainly difficult to understand how so great a subsi- 
dence could have taken place without such a simultaneous ele- 
vation of the adjacent land area as would have materially 
changed the character and uniformity of the supply of fluvia- 
tile waters to the estuary, or have added a land area to the 
westward of it. Indeed, it is difficult to understand how even 
a less subsidence could have taken place without materially 
modifying the character of the great estuary itself, or even 
submerging its whole area beneath marine waters. 

The biological relations of this Puget fauna to other faunas 
possess peculiar interest. For purposes of comparison one in- 
stinctively turns to the molluscan fauna of the Laramie Group ; 
but in doing so important differences appear. It is true there 
are two species of Corbicula in the Puget fauna that are so 
closely like Laramie forms as to suggest specific identity upon 
casual examination ; but the differences between the two faunas 
are strikingly shown by the family and generic characters of 
the other members of the Puget fauna as compared with the 
Laramie fauna. 

For example, a species of Teredo has been found in the 
Puget Group, but no member of the Teredinide has yet been 
found in the Laramie. Two species of the Puget fauna are 
referred to the Tellinide, but no member of that family has 
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yet been found in the Laramie. But the generic form which 
gives an especially unique character to the Puget fauna is that 
of Batissa. This genus has not hitherto been known to occur 
in North America, in either a fossil or living condition ; nor 
has it been found nearer to this continent than certain of the 
Pacific islands. Still the hinge characters observable in these 
Puget estuary specimens leave no room for reasonable doubt 
that they are strictly congeneric with Batissa. Indeed a species 
of that genus which is now living upon the Fiji Islands is 
closely related to this fossil form. 

Certain interesting relationships between Asiatic and North 
American faunas have been noticed by naturalists, which are 
recalled by this occurrence of Batissa in the Puget fauna. As- 
suming that these relationships are those of genetic succession, 
we naturally desire to know the direction of the lines along 
which their geographical dispersion took place. For exam- 
ple, was it toward, or from the present North American con- 
tinent that the dispersion of Batissa has occurred? If it was 
from this continent, it is remarkable that none of its pro- 
geny have survived in any of the present continental waters ; 
and it is equally remarkable that no evidence of its former ex- 
istence in North America has been discovered except that 
which the Puget fauna has furnished. If the dispersion of 
Batissa was toward this continent, it seems to have only 
reached the present Pacific coast region about the close of the 
Cretaceous period, and to have there and then become extinct ; 
while it has continued its existence on certain islands of the 
Pacific to the present time. But all the known facts concern- 
ing the genus Batissa are insufficient to throw much light upon 
its geological history or geographical dispersion. Even the 
Corbiculidz, the family to which Batissa belongs has a less 
completely known gevlogieal history in North America than 
has the Unionidee. 


Art. XLV.—TZwo Sulphantimonites from Colorado; by 
G. EaAxkins.* 


THE mineral first to be described was sent to the Denver 
laboratory of the U. S. Geological Survey in the latter part of 
1885, by Mr. E. R. Warren, of Crested Butte, Colorado. 

At that time a hasty qualitative examination was made, estab- 
lishing the fact that it was a sulphantimonite of lead, and since 
then nothing more has been done with it until the present an- 


. alysis was made. 


* Read before the Colorado Scientific Society, Meeting of June, 1888. 
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This mineral comes from the “ Domingo ” Mine, on the ridge 
between Dark Cafion and Baxter Basin, Gunnison Co., Col. ; 
in which locality it is known as “mineral wool.” It consists 
of aggregates of small acicular crystals, forming matted, wool- 
like masses in the cavities of a highly decomposed gangue rock 
of siliceous material mixed with some calcite. It is dull, gray- 
ish black in color, with occasional spots of iridescence, due 
undoubtedly to a slight superficial oxidation. 

In procuring material for analysis, a lot of loose material sent 
by Mr. Warren was slightly er ushed and rubbed with water in 
a saiee and poured off, the fine needle-like crystals floating 
off readily; this was afterward purified by a re-treatment in 
the same manner, and then subjected for a short time to the 
action of dilute hy drochloric acid to remove the slight amount 
of attached calcite. The material obtained in this manner ap- 
peared under the microscope to be perfectly pure and homo- 
geneous with the exception of a slight amount of gangue still 
remaining. 

No crystalline form could be made out, and on account of 
its peculiar nature no attempt has been made to determine 
either specific gravity or hardness. Heated before the blow- 
pipe it fuses readily without decrepitation; in the closed tube 
it gives a slight ite of sulphur only; in the open tube it 
gives off sulphurous acid and dense white fumes of oxide of 
antimony ; heated strongly the antimony all volatilizes, leaving 
a fused residue of sulphate of lead, slightly colored by ‘the iron 
present ; on charcoal it gives the lead and antimeny coatings, 
and in the reducing flame with soda, a lead button. It is solu- 
ble in hot, strong hy ydrochlorie acid with evolution of hydrogen 
sulphide. 

The analysis is as follows: 

Atomic ratios. 


Ag trace 
‘Cu trace 
Pb 39°38 -+-207="190 .... 
Fe 1-77 + 56="032 
Mn trace 
Sb 36°34. +120= "303 
21°19 +321= 662 
Insoluble gangue, "52 
99°15 
Dividing these atomic ratios by ‘222, we get :— 
Pb, Fe, = 1 = $3 
1°36 4-08 
2°98 8°94 


Giving the formula :—(Pb, Fe),Sb,S,, or 3(Pb, Fe)S, 2S8b,8,. 
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. This mineral, it is seen, fills a place in the group—3RS8, 
2(As, Bi, Sb),S,, of which there are but few good examples, and 
which until now has not had an antimony representative. 

The somewhat low summation of the analysis is probably due 
to two causes; first, a small amount of soluble gangue which 
was present and undetermined; second, the sulphur is about 
four-tenths of one per cent less‘than required, due to the slight 
natural oxidation of the mineral together with an additional 
amount induced by treatment with dilute hydrochloric acid for 
the removal of calcite. In addition to the complete analysis 
given, there were additional determinations made of lead, an- 
timony and sulphur, the results obtained being in strict agree- 
ment with those given above. 


The second of these sulphantimonites was collected in the 
summer of 1887, by Mr. Whitman Cross; it comes from a mine 
on Augusta Mountain, Gunnison Oo., Col., this locality being 
about one mile east of the “‘ Domingo” mine. 

Locally this mineral is also known as “mineral wool,” and 
although differing considerably in appearance from the one just 
described, they were, on account, of the similarity of occurrence, 
considered as probably identical. 

It occurs in a siliceous gangue together with pyrite and sphale- 
rite, and forms groups of acicular crystals which are elongated 
prisms, deeply striated; but whose form could not be deter- 
mined. 

The individual crystals of this mineral are considerably larger 
than those of the one previously described, and in conse- 

uence they do not tend so much to form matted aggregates. 

ts color is a bright, steely,, grayish black, with no tendency 
toward tarnish or iridescence. The separation of this mineral 
from the accompanying ones and the gangue, was a matter of con- 
siderable difficulty ; on account of their size the crystals could 
not be successfully washed out from the other material, but by 
the use of a rapid current of water, and the Thoulet method, 
a small quantity was finally procured perfectly free from every- 
thing except some pyrite, and that had no effect upon the 
analysis, as the mineral was dissolved in a mixture of hydro- 
chloric and tartaric acids, leaving the pyrite unattacked ; it was 
then filtered through a Gooch crucible, and the amount of py- 
rite determined and deducted from the material taken. The 
fact that but a trace of iron was found in the analysis is con- 
clusive proof that the pyrite was practically unattacked. 

Blowpipe characteristics are the same as in the one before 
described. 

The analysis is as follows: 
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Atomic ratios. 
Ag trace 
Pb 55°52 +207="268 
Fe trace 
Sb 25°99 =+120='217 


(caleulated) 18°98 + 32=°593 


100°49 


Dividing these atomic ratios by -217 we get: 


Pb, = 1°24 = 4°96 
Sb, 1 + 
S, 2°74 10°96 


Giving the formula :—Pb,Sb,S,, or 5PbS, 2S8b,S,. 

We have here, in formula, a freieslebenite in which instead 
of lead and silver, the silver has been completely replaced by 
lead, and although the crystallographic agreement of this min- 
eral with freieslebenite has’ not been established, there seems 
to be no good reason for not referring it to that species. 


Laboratory, U. S. Geological Survey, Washington, D. C. 


Art. XLVI.—On the Voltametric Measurement of Alternating 
Currents ; by A. E. KENNELLY. 


Ir has until quite recently been generally supposed that an 
electric current reversing its direction with the frequency that 
characterizes what is commonly called an alternating current, 
would not decompose water visibly, or in fact that if any 
decomposition did take place at the electrodes, the recombina- 
tion at the reversal was so speedy and complete that no free 
gas was developed. It has been shown, however, lately, in 
a paper by MM. Maneuvrier and Chappuis, read before the 
Académie des Sciences, that when the electrodes are small, 
free decomposition does take place, mixed gas being liber- 
ated at each. Since that time Professors Ayrton and Perry 
have contributed to the data on the subject in an article ap- 
pearing in “The Electrician” of London, July 13, 1888, and 
in which some very interesting phenomena observed with 
polarized electrodes are described, while it is mentioned that 
the quantity of gas liberated under given conditions is a func- 
tion not only of the current density per unit surface of elec- 


trode but also of the rate of alternation. 

No statement of the connection that exists between these 
variables seems to have yet been published. The following 
experiments made recently at Mr. T. A. Edison’s laboratory 


= 
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for the purpose of investigating this matter show that under 
certain conditions the quantity of gas liberated is in very close 
| accordance with that which a continuous current of equal 
strength would supply, and hence afford ground for the hope 
that it will shortly be possible to measure the strengths of 
_ alternating currents by the voltameter as closely and as con- 
veniently as in the case of continuous currents. 

Two methods have been tried. (1) The condenser method 
or incomplete metallic circuit. (2) The ordinary method with 
complete metallic-and-liquid cireuit. 

Several series of measurements have been made, all agreeing 
very fairly. The following series taken at one time will suffice 
| for all. 

The source of the alternating current was a Siemen’s alter- 
nating dynamo machine designed for 100 volts, the electro- 
motive force being readily under control through the current 
in its field magnets; the speed of revolution on the occa- 
{ sion of this experiment was steady at 1470 per minute. At 

this speed its alternations, being 8 to the revolution, are 196 
per second. 

The voltameter was of special construction. An ordinary 
lass evaporating dish 11°5°* in diameter and 6°3 high was 
lled about two-thirds with a 10 per cent (by weight) solution 

of pure sulphuric acid in distilled water, the density of this 
} solution being 1:065 at 19° C. At the bottom of the dish was 
i immersed a disk of resinous material 5“* in diameter and 1:2°"* 
i high. Twelve platinum wires of different lengths but equal 
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diameter (0-0178*) projected vertically from the upper surface 
of the disk, so as to stand in a ring of 4°* diameter and equi- 
distant from each other. These wires were ranged from 1°5°"* 
down to 0:025™* in length, the corresponding wires across. one 
diameter having as closely as possible equal lengths. Connec- 
tions with rubber-covered wires sealed in the material of the 
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disk made six little separate voltameters each with its own pair 
of insulated leads. By uniting more or less of these leads out- 
side the dish, the voltameter might be made to comprise any 
or all of the couples of electrodes, thus enabling a considerable 
range of electrode area to be at command as shown by the pre- 
ceding table. 

Over this sextuple voltameter there rested a glass bell 7™* in 
diameter, terminating after 10°* of elevation in a vertical glass 
tube of uniform bore 37:°5™* long and about 0°6™* internal 
diameter, closed at the top by a rubber tube and clamp. This 
tube was graduated for volume by comparison with a burette 
and found to have a capacity per linear centimeter from several 
measurements of 0°2684 + 0002 c.c. In using the instrument, 

the tube and bell were filled 
1. 
with solution and gas electro- 
lytically generated until the 
latter stood at a certain mark 
near the top. All being 
ready, the measured current 
was then passed through the 
apparatus for a noted inter- 
val, at the end of which the 
length of tube occupied by 
gas was measured downward 
from the fiducial mark. 

In the condenser method 
the connections were as 
shown in the diagram: where 
A is the adjustable con- 
denser, V the voltameter 
with commutators ¢ ¢ for 
connecting the separate 
couples of plates in multiple, B a Cardew voltmeter, and 7 / 
the leads to the dynamo. 

Under these conditions we know that the absolute quantity 
of current passing through the voltameter assuming that the 
periodic variation of electromotive force follows the sine law : 


(1) 


where Q is the absolute quantity of electricity that traverses 
the voltameter in time ¢; ¢ is the mean alternating potential 
difference as indicated by the Cardew voltmeter B; & is the 
capacity of the condenser A in microfarads; and n is the num- 
ber of alternations per second. This formula is thus indepen- 
dent of the resistance of the voltameter, which is quite negli- 
gible under these conditions. If V, be the volume of gas at 
zero Centigrade theoretically decomposed by a continuous cur- 
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rent ¢ in absolute measure equivalent to the passage of this 
quantity Q, we have 
10 (2) 
and V, = 5:43 nekt x 10-7 (3) 

Besides the Cardew voltmeter steady potential indication,’a 
quadrant electrometer, not shown in the diagram, with its 
needle connected to one pair of quadrants, was employed to 
measure the potential difference at the voltameter terminals 
and thus indicate its mean resistance. 

The preceding table gives the results of 10 measurements. 
The volume of the gas is corrected for temperature, but no 
correction is introduced for the barometric pressure or the ten- 
sion sustained by the gas in the tube. 

The condenser used was adjustable from 0°001 up to 5 mi- 
crofarads, and from absolute determinations is probably accu- 
rate to at least 0-5 per cent. 


The last two columns show that 


When the density of the percentage of gas actually 
current per sq. cm. of generated of that calculated 
either electrode was: as due was: 
CFS BS * 


The trials Nos. 13, 14 and 15 were taken without condenser, 
and with non-inductant resistances in its place. In trial No. 
13 this resistance was a length of fine platinum wire offering 
720 ohms (hot). In trial Nos. 14 and 15 the resistance was a 
96 volt 10 candle-power Edison lamp offering 230 ohms resist- 
ance at equivalent illumination. In calculating the current 
strengths for these three observations, the resistance of the 
voltameter itself was required. It was measured in two ways: 
Ist, by means of the quadrant electrometer and the potential 
differences it indicated on the known resistance and on the 
voltameter ; 2d, by rapidly substituting a non-inductant resist- 
ance alternately with the voltameter in the lamp circuit and 
adjusting this resistance until the illumination was. equal in 
both cases. These two methods concurred in showing the 
resistance of the voltameter to be 30 ohms, and the maximum 
resistance it offered through the whole series was 35 ohms. 

The table shows that 
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When the current density The per centage of calculated 
per sq. cm. of either elec- gas actually liberated was: 
trode was: 


These results, corroborated by several previous series, go to 
show that for a rate of alternation of 200 per second and eur- 
rents of between 01 and 0:35 ampéres the quantity of gas 
generated by an alternating current in a voltameter is approxi- 
mately equal to that generated by an equal continuous current 
when the mean current density at the surface of the electrode 
is above 50 ampéres per sq. cm. of each; that below that den- 
sity the quantity of gas developed rapidly diminishes, and that 
below 1 ampere per sq. cm. soon disappears. 

Also that the resistance of a voltameter with very small 
plates traversed by an alternating current is much less than 
that it would offer to an equal continuous current. Were this 
not the case, the resistance of a voltameter for alternating cur- 
rent measurements might for many purposes prove prohibi- 
tively great. 


Art. XLVII.—Remarks on the Fauna of the Great Smoky 
Mountains; with Description of a new species of Red- 
backed Mouse (Evotomys Carolinensis); by Dr. C. Hart 
MERRIAM. 


THE fauna of the higher portions of the southern Allegha- 
nies remained almost unknown until 1870, when Prof. E. D. 
Cope published a paper on the subject.* His bird notes were 
made so late in the season (in August and September) as to in- 
clude the beginning of the fall migration and hence are without 
value so far as concerns the faunal position of the region. 
Among mammals, he recorded the Red Squirrel and Canada 
Lynx as inhabiting the higher mountains. A single species of 
Salamander, the northern Desmognathus ochrophus, was found 
on the high peaks of the Black Mountains. 

The botany of the region received considerable attention, but 
sixteen years passed after the appearance of Prof. Cope’s paper 
before anything of importance was contributed to our knowl- 
edge of its vertebrate fauna. In 1886 Mr. William Brewster 
published the results of a very brief visit, made at the begin- 
ning of the breeding season of birds, to the mountains of west- 
ern North Carolina (The Auk, iii, 1886, 94-112; 173-179). 


* Observations on the Fauna of the Southern Alleghanies. Am. Nat. iv, 
1870, pp. 392-402. 
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On the higher summits Mr. Brewster found breeding in abund- 
anee such northern birds as the Winter Wren, Golden-crested 
Kinglet, Red-bellied Nuthatch, Junco, Solitary Vireo, Olive- 
sided Flycatcher, Red Crossbill, Pine Linnet, Black-throated 
Blue Warbler, Blackburnian Warbler, Canada Flycatching 
Warbler, and several others. He found the region separable 
into the Canadian, Alleghanian, and Carolinian Faun, con- 
cerning which he says: “The boundaries of these divisions are 
determined chiefly by elevation, the Canadian occupying the 
tops and upper slopes of the higher mountains down to about 
4500 feet, the Alleghanian, the mountain sides, higher valleys, 
and plateaus between 4500 and 2500 feet, and the Carolinian 
everything below the altitude last named.” 

Two of the Canadian birds, namely the Junco and the Blue- 
headed Vireo, were found to be distinguishable from their 
northern representatives, and hence were subspecifically separa- 
ted under the names Junco hyemalis Carolinensis and Vireo 
solitarius alticola, respectively. 

During the summer of 1887 it was my good fortune to visit 
this very interesting region, in company with Mr. Henry Gan- 
nett, Chief Geographer of the U. 8. Geological Survey. By 
Mr. Gannett’s kindness I was enabled to accompany him dur- 
ing a buckboard drive of several hundred miles through the 
Great Smoky Mountains of Tennessee and North Carolina. 
Although we entered the mountains in the last week of July, 
migration had already begun, and it was impossible in most 
cases to discriminate between the resident and migrant birds. 
In the case of the Junco, however, young were found in all 
stages of development from the newly hatched nestling to the 
fully adult bird; and the important fact was ascertained that 
the local form inhabiting these mountains is specifically distinct 
from its northern congener. Hence it must stand as Junco 
Carolinensis Brewster. 

Of mammals, the Black Bear, Wolf, Deer, Wild Cat, both 
Red and Gray Foxes, Raccoon, Opossum, and Gray Squirrel 
still occur in greater or less abundance according to the locality 
and altitude. The Panther, Porcupine, Pekan, and Varying 
Hare are unknown. The Chipmunk (7Zamias striatus) and 
Woodchuck or Ground Hog (Arctomys monax) were common 
in places in the Alleghanian belt, about half way up the moun- 
tains; and the Gray Rabbit (Lepus sylvaticus), Red Squirrel 
(Sciurus Hudsonius), and a Red-backed Mouse (Zvotomys), 
were common on the higher summits. The latter genus is cir- 
cumpolar in distribution and has not been previously recorded 
from any locality south of Massachusetts The present repre- 
sentative of the genus is about double the size of the Canadian 
Evotomys Gapperi, and proves to be distinct from any previous- 
ly described species. It may be characterized as follows: ; 
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Evotomys Carolinensis, sp. nov. 


Type 3660, 2 adult, Merriam Collection. From Roan 
Mountain, North Carolina (altitude 6000 feet), August 11, 
1887. C. H. M. 

Description of type.—Size much larger than that of any 
other known representative of the genus. The following 
measurements were taken in the flesh: total length 164™ 
head and body 111™™; nose to eye 13™"; to center of pupil 
15™"; nose to occiput 29™™; tail vertebrae 44™; pencil 7™™; 
fore foot 138™"; hind foot 21™; fore leg 26™" ; hind leg 87™™ ; 
height of ear from crown 11™; distance between eyes 9™™; 
Ears large, suborbicular, prominent; superior margin much in- 
curved but not inflexed; superior root considerably anterior to 
plane of meatus; antitragus large, its anterior root curving up- 
ward in front of meatus and almost reaching the superior root 
of the auricle. Tail long and slender, tapering from base to 
tip; not sharply bicolor, though paler below than above. 
Whiskers black and white, reaching little beyond tips of ears. 
Hind feet very large, and as broad as in Arctic rutilus, though 
by no means so densely haired; dark, with whitish hairs about 
the nails; posterior third of soles well haired. 

Upper parts dark, with a liberal admixture of black-tipped 
hairs (agreeing in this respect with specimens of /. Gappert 
from the upper Red River Valley); dorsal stripe dull chestnut 
and very broad, spreading out laterally and almost fading in- 
sensibly into the fulvous suffusion of the sides (in ail the other 
known forms the dorsal stripe is sharply defined laterally). 
Sides bister, strongly suffused with light fulvous all the way 
from the cheeks to the thighs. Color of sides reaching down 
so far as to seem to encroach on the whitish of the belly, com- 
pletely enveloping the legs. The belly is strongly washed with 
ochraceous. 

Description of other specimens.—A number of specimens 
from Highlands, N. C., collected in February, March, and 
April, agree with the above in all essential respects. The line 
separating the color of the sides from that of the belly is always 
distinct and sometimes sharply defined (as in Nos. 20579, and 
23144). The plumbeous basal portion of the fur shows through 
on the throat but not on the belly, where it is usually entirely 
obscured by the whitish apical portion. |The ochraceous wash 
is strongest on the middle of the belly. The tail varies in length 
in the dry skins from 44™™ to 58™", but these measurements 
must be regarded as approximate only, owing to possible dis- 
tortion in preparing the specimens. It is always bicolor witha 
distinct line of demarcation, though the under surface is never 
white. The average length of the hind foot in six dry skins is 
195™. 
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Art. XLVIII.—On a new Thorium Mineral, Auerlite; by 
W. E. HippEen and J. B. MacKINTOsSH. 


WHILE one of us was about completing a contract for twenty- 
six tons of zircons, to supply a recent large demand for that 
mineral, several crystals of the mineral forming the subject of 
this paper were noticed in the very last —— from the 
mine. As the quantity then found was insufficient for a com- 
plete chemical and physical examination, the locality was re- 
visited in July last and for five weeks a systematic and laborious 
search for the mineral én sétw was carried on. We had already 
proved it to be a hydrous mineral rich in thoria, with silica and, 
strangely, a very appreciable quantity of phosphoric acid. Our 
interest was centered upon its apparent anomalous composition 
and a series of careful analyses was made by one of us as soon 
as the necessary material was procured. As the result of the 
search at the locality not quite 100 grams were found and it 
became necessary to mine over 200 kilos of zircons to get even 
this small amount. 

It has thus far been found at only two places in Henderson 
County, North Carolina, namely, at the well-known Freeman 
mine, on Green River, and on the Price land, three miles 
southwesterly. At both places it occurs in. disintegrated gran- 
itic and gneissic rocks intimately associated with aed of 
zircons, and it is often seen implanted upon them—as a second 
or after-growth—in parallel position. 

The color on a fractured surface ranges in different crystals 
from a pale lemon-yellow through various shades of orange to 
a deep brown-red. The form is distinctly tetragonal, only the 
unit pyramid and prism being observed, and excepting a ten- 
dency to a longer prismatic development, it is much like the 
common type of zircon found throughout the region. The 
faces being very rough and uneven, no constant angles could 
be obtained on any of the material, but they closely approxi- 
mate to those of zircon. 

Fragments of the mineral resemble some varieties of gum- 
mite and deweylite, but have a more waxy or rosin like appear- 
ance. It is sub-translucent to opaque, and has a dull yellowish 
white exterior. It is very brittle and easily crumbled. The 
hardness varies from 2°5 to 3, some crystals barely scratching 
cleavage surfaces of calcite. The specific gravity has a wide 
range, from to 4°766, the dark-orange-red crystals 
having the highest density.* 


* Some of the crystals were much lighter in color, softer and of specific gravity 
from 3-7 to 3°8. These we propose to examine and report upon later. 


Am. Jour. Sct.—Tuirp Ssries, Vou. XXXVI, No. 216.—Dec., 1888. 
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The largest mass found measured 1™ through the prism, and 
it was evidently only part of what had been a long crystal. 
The bulk of what we collected is in a very fragmentary condi- 
tion, down to masses and broken crystals of 1™ diameter. 

Our analyses have given the following results: 


1. 2. 3. 4. 5. 
9°25 764 825 
_--- 6923 70°18 
Ve0...... 1°42 1°38 
0°29 
1:10 
99°70 


If the amount of CO, in analysis number 3 is assumed to 
be the same as it is in 5, and if we take the amount of H,O as 
the difference between the loss on ignition and the CO,, the 
ratio of hydrogen equivalents, of bases and acids (assuming the 
carbonates to be admixed impurity), is nearly 2:1:2. This 
gives the formula, 


SiO, 
ThO,, | Po 21,0, 


or a thorite in which part of the silica is replaced by its equiva- 
lent in phosphoric acid, when 38i0,=1P,0,. The ratio of 
silica to phosphoric acid is variable and is approximately 1:1 
in _ equivalents; but the P,O, tends to be in excess. 

e have considered it possible that this mineral is a mixture 
of a hydrated thorium phosphate with a hydrated thorium sili- 
cate, in some respects analogous to the occurrence of zirconium- 
silicate (zircon) in parallel position with yttrium-phosphate 
(xenotime),¢ although there is nothing in the appearance to 
suggest this—the mineral seeming to be perfectly homogeneous, 
except on the exposed surfaces. It is more probable, however, 
that we have here an example of a partial replacement of silica 
by phosphoric acid, which fact has not yet, to our knowledge, 
been noticed in the literature of Mineralogy; unless we should 
so regard the small proportion of P,O, (4:17) which Eakinst 
observed in the xanthitane (altered titanite) from the same 
locality. 

This occurrence of a thorium phosphate is the first instance 
of such a compound existing in nature and seems to have a 
* Including other oxides with traces of thoria. 


+ This Journal, Nov., 1888, p. 380. 
¢ This Journal, vol. xxxv, p. 418, May, 1888. 
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direct bearing upon the presence of thorium in monazite, and 
we believe that the idea that thorium is included in monazite 
as thorite—mechanically intermixed—should be modified in so 
much that the thoria should be considered as partially present 
as a phosphate and the cerium earths partially present as sili- 
cates. 

This mineral is readily soluble in hydrochloric acid, leaving 
a residue of gelatinous silica; after ignition it becomes insoluble. 
Thorium phosphate is generally regarded as a very insoluble 
compound, but the ready solubility of this mineral seems to 
— that opinion. 

t is infusible and upon strong ignition becomes dull-brown 
and on cooling, orange again. 

Thorite crystals having the form of zircon have been de- 
scribed by Zschau;* and Nordenskidld,+ and later Brégger,t 
have expressed the opinion that the mineral known as thorite is 
a pseudomorph after an original thorium silicate analogous to 
zircon in composition. This view is confirmed by the fact that 
this new mineral occurs intimately associated with and implanted 
upon perfectly unaltered zircon. 

As this mineral was found while mining the very large quan- 
tity of zircons necessary to supply the demand caused by the 
invention of the system of incandescent -gas-lighting of Dr. 
Carl Auer von Welsbach, we propose to name it Awerlite in 
his honor. 


Art. XLIX.—On a new Sodium sulphato-chloride, Sulpho- 
halite ; by W. E. Hippen and J. B. Mackintosu. 


Ir was in the mineral collection of Mr. Clarence S. Bement, of 
Philadelphia, and along with a series of remarkable crystals of 
hanksite that one of us first noticed the mineral here described ; 
it was recognized by a few simple tests to be a new species. 
It had been considered, at the locality, to be “a rhombohedral 
type of hanksite” and the ae form of its crystals 
—implanted as they were upon hanksite—was the reason for 
that opinion. A few measurements with a hand goniometer 
soon showed them to belong to the isometric system and the 
form to be the simple rhombic dodecahedron. The mineral 
occurs only as crystals, which are in form and sharpness of an- 
gle, all that could be desired. It is transparent with a faint 
greenish-yellow color. The crystal faces are smooth and well 
polished and vary in size from 4 to 24™ diameter. The spe- 


* This Journal, II, xxvi, 359; see also Dana’s Syst. Min., Ed. 1868, p. 413. 
+ Geol. For. Forh., iii, 226, 1876; see also App. III, Dana’s Min., p. 121. 
t Ibid, ix, 258, 1887. 
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cific gravity, as taken in naphtha, is 2°489. Their hardness is 
about 3°5. The mineral is very slowly soluble in water and re- 
mains unaltered in a moderately dry atmosphere. A careful 
analysis by one of us on amounts of 100 and 120 milligrams 
yielded the following results :— 


42-484 


Caleulating the chlorine and sulphur as combined with 
sodium only, we get 


98°805 


The formula figures out exactly, if the loss and the Na,CO, 
are estimated with and as Na,SO,; i.e., if the loss is Na,SO, 
and we consider the Na,CO, as replacing a little Na,SO,,. 

The formula can then be expressed thus: Na,(2SO,. $Cl,) or 
3Na,SO,, 2NaCl. Excepting the very rare mineral connellite, 
from Cornwall, England, which is believed to be a cupreous 
sulphato-chloride (crystallizing in the hexagonal system), we 
know of no other species related in composition. 

We learn from Dr. A. E. Foote, in whose stock of Borax 
Lake minerals we were fortunate enough to find the single 
specimen of the mineral used in this examination—that = 
had visited the locality this past summer and that about one 
month before his arrival a company had been testing the 
immense alkaline deposit of Borax Lake (San Bernardino 
County, California), and had drilled an eight inch hole toa 
depth of over 100 feet. Ata depth of 35 feet a small cavity 
was discovered from which there were pumped out through 
the drill hole the mineral here announced, with some very 
remarkable crystals of hanksite. 

But three examples are at present known to us, and two of 
these of remarkable beauty, are in the Bement collection, the 
other specimen (a crystal about one inch thick, having long 
prismatic hanksites imnplanted upon it), is the one, upon a part 
of which, this analysis was made. 

It is a matter of interest to note that this mineral, with its 
anomalous formula, should occur with and be associated upon 
another mineral, hanksite, having a like strange composition. 

We propose for this new mineral the name sulphohalite as 
suggesting its remarkable composition. 


| 
| 
| 
| 
| 
| 
| 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysIcs. 


1. On the Vapor-density of Aluminum chloride.—The experi- 
ments of Nilson and Pettersson (Zeitschr. phys. Chem., i, 459) 
seemed to show that aluminum chloride when heated in an at- 
mosphere of carbon dioxide gave, at a temperature of about 835°, 
a vapor-density corresponding to the formula AICI,; and this 
without evidence of decomposition, although above 935° the plat- 
inum vessel was attacked. Friepet and Crarts have pointed 
out that exact results are obtained with V. Meyer’s method 
(which was the ove used by Nilson and Pettersson) only when 
there is no diffusion of the vapor into the air of the apparatus. 
And they have therefore re-determined the vapor-density of alu- 
minum chloride by the method of Dumas, taking great care to 
obtain and to maintain the substance perfectly anhydrous. The 
aluminum chloride was obtained by sublimation in large, color- 
less and comparatively non-hygroscopic crystals, which though 
volatilizing directly without fusion at ordinary pressures, melt 
at about 186° under a pressure of 2°5 atmospheres. The vapor- 
pressure of this substance was found to be 252°1 mm. at 167°8°; 
311°4 mm. at 170°4°; 316°5 mm. at 171°9°; 430°7 mm. at 175°7°; 
755°4 mm. at 182°7°; 1793°4 mm. at 204°2°; 2016°1 at 207°5°; 
and 2277°5 mm. at 213°0°. The temperatures at which the vapor- 
densities were determined were 218°, 263°, 306°, 357°, 390°, 398°, 
400°, 415°, 429° and 433°; and the results agreed closely with 
the density 9°24, the value corresponding to the formula AlI,Cl,; 
thus confirming the earlier results of Deville and Troost. Since 
the lowest temperature at which Nilson and Pettersson operated 
was 440°, it may be that the lower values obtained by them are 
due to a dissociation of the molecule AlI,Cl, into (AICI,), analo- 
gous to that of iodine, or into Al,Cl, and Cl, as in the case of' fer- 
ric chloride. The authors’ experiments prove, however, that alu- 
minum chloride becomes a perfect gas at 218°, or 35 degrees 
above its boiling point; and that the density of this vapor is sen- 
sibly the same up to 400°. Hence they conclude that the formula 
of this substance is Al,Cl,; a conclusion in agreement with the 
determinations of Louise and de Roux of the vapor-densities of 
aluminum methide and aluminum ethide.—C. 2., evi, 1764; J. 
Chem. Soc., liv, 1040, Oct., 1888. - GF. B. 

2. On Freezing mixtures containing solid Carbon dioxide.— 
and CotarpEav have determined the temperature of 
solid carbon dioxide, alone as well as when mixed with other 
suitable substances, in air and in vacuo. For this purpose they 
used a thermo-electric couple which had been calibrated by com- 
parison with a hydrogen thermometer. The carbon dioxide alone, 
either compressed or porous, when exposed to the air, had a tem- 
perature —60° and when in a vacuum over potassium hydrate, 
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—76°. When mixed with ether, the dioxide had a temperature 
of —77° in air and of —103° in a vacuum. Liquid carbon diox- 
ide solidifies in such a mixture. On the addition of the solid 
dioxide to the ether it at first dissolves, and after a time bubbles 
of gas are evolved. On continuing to add the dioxide the liquid 
becomes saturated and opalescent, the temperature falling until 
the instant of saturation is reached, when no farther fall of tem- 
perature occurs on adding more dioxide. Hence it would appear 
that the effect of the ether is due simply to its dissolving the di- 
oxide, Other solvents may be used. Methyl chloride gives 
—82°; sulphurous oxide —82°; amyl acetate —78°; phospho- 
rous chloride —76°; alcohol —72°; and ethylene chloride —60°, 
When the mixture with methyl chloride or sulphurous oxide is 
placed in a vacuum the temperature is lowered to a point at 
which the solvent solidifies and then no farther reduction takes 
place. The temperature thus. obtained with methyl chloride is 
—106°. A mixture with chloroform solidified at the ordinary 
pressure at —77°.—C. &., evi, 1631; J. Chem. Soc., liv, 1025, 
Oct., 1888. G. F. B. 
3. On the Determination of the Heat of Combustion of Coal. 
—ScnEvRER-KestTNER has analyzed and has also determined the 
heat of combustion of twenty-one samples of coal from the north 
of France, by direct experiment, and has compared the results 
with those calculated from the composition of the coals. The 
coal in small fragments was burned in a rapid current of moist 
oxygen in a Favre and Silbermann’s calorimeter; the results being 
corrected by subtracting from the heat of combustion actually ob- 
served with the moist gas, and consequently with complete con- 
densation of the water formed, the number of calories equiva- 
lent to this condensation. Since the combustion of hydrogen 
gives 34,500 or 29,088 calories according as the water formed is 
condensed or is in the state of vapor, the difference, or 5413 ca- 
lories, multiplied by the content of the coal in hydrogen, repre- 
sents the number of calories to be subtracted from the observed 
heat of combustion. The values of the heats of combustion ac- 
tually obtained do not agree with the values calculated from the 
composition, being sometimes greater than the sum of the heats 
of combustion of the constituents and sometimes less. Cornut 
has proposed a formula for calculation based on the assumption 
that while solid carbon evolves 8080 calories, the heat of com- 
bustion of carbon in the state of vapor is 11,214 calories. But 
the calculations founded on this formula of Cornut, while .giv- 
ing results somewhat closer to those actually observed in some 
cases, are in other cases so far from the truth as to destroy confidence 
init. The formula of Dulong is even less satisfactory. No explana- 
tion is offered as to the cause of these discrepant results, but they 
seem to establish the important fact that coal has been formed at 
least in part by endothermic reactions. The general results give 
between 8340 and 9257 calories, the mean values lying between 
8400 and 8800 calories.x—Ann. Chim. Phys., V1, xv, 262, Oct., 
1888. J. Chem. Soc., liv, 774, Aug., 1888. G. F. B. 
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4. On the Wave-length of the Double red line in the spectrum 
of Potassium.—By means of a Rutherfurd grating ruled on glass, 
and the electric arc, DesLanpRES has succeeded in measuring 
the wave-length of the two components of the double potassium 
line in the red, known as Ka. e finds for the stronger of the 
two lines the value 7663-0 ten-millionths of a millimeter, and for 
the weaker line the value 7696°3 ten-millionths; the value for D 
being taken at 5888°9. This agrees with the value 7680-0 found 
by Mascart for the group, that of D being 5888°0.—C. &., evi, 
739; J. Chem. Soc., liv, 637, July, 1888. G. F. B. 

5. Electrical discharges in gases and flames.—The observation 
of Hertz upon the effect of the ultra violet rays upon electrical 
discharges has awakened wide spread interest in Germany. 
Among other workers, E. Wiepemann and H. Exerr have re- 
peated and confirmed Hertz’s results. ‘They have also investi- 
gated the effect of ultra violet rays upon electrical discharges 
which are taken in various media. The source of light was a 
Schuckert’s electric are light. It was found that the effect of the 
ultra violet rays was greatest when the electrodes between which 
the electrical discharge passed were of platinum. <A telephone 
was intercalated in the circuit and the character of the discharge 
when the electrodes were in the violet rays and when they were 
not could be readily distinguished. A glass plate which allowed 
the violet rays to pass, but absorbed the ultra violet, immediately 
caused the phenomenon to disappear; thus it was shown that the 
ultra violet rays alone were effective. The effect varied with 
the character of the electrodes, being greatest with platinum. 
And then in the following order: zinc, copper, iron, aluminum, 
palladium, silver. When the discharge was taken from the sur- 
face of a liquid, the greatest effect was always obtained when 
the liquid was capable of absorbing the ultra violet rays. The 
authors believe that the phenomena can be attributed to the 
selective absorption for ultra violet rays of the surfaces between 
which the electrical discharges pass. The short wave-lengths set 
the molecules on these surfaces into vibration and thus aid the 
disruptive effect which is seen in the discharge. The phenomenon 
was also investigated in Geissler tubes and with low pressures. 
When the electrical discharge grew rich in ultra violet rays, the 
effects of similiar rays from the are lamp were less noticeable. 
The discharge was also taken between points placed in flames 
which were colored by various salts. These salts changed the 
character of the discharge greatly, as was evidenced by the noise - 
in a telephone connected with one of the electrodes. The greatest 
effect was obtained from potash and from the magnesium salts, 
thus affording another instance of the effect of ultra violet rays 
affecting the electrodes by selective absorption. Ann. der Physik 
und Chemie, No. 10, 1888, pp. 209-264. J. T. 

6. Electrodynamic effect produced by the movement of a dielec- 
tric in an electrical field.—W.C. RonTGEN revolved a glass or 
vulcanite disc between two horizontal plates of a condenser, one 
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of which was connected with the earth, the other with the source 
of electricity. Above the upper condenser plate was hung a 
very sensitive magnetic system. The direction of the magnetic 
needles was perpendicular to a radius of the revolving disc, and 
their middle point was near the edge of the disc. The devia- 
tion of this system was measured by a mirror, telescope and scale. 
The author concludes, after discussing the relation of the effects 
observed to those obtained by Rowland and by others, that a 
small electrodynamic effect can be noticed, when a dielectric is 
moved in a homogeneous electrical field.— Ann. der Physik und 
Chemie, No. 10, 1888, pp. 264-270. J.T. 

7, Light and Electricity—Lorp Ray rien (B. A., 1888) has 
been endeavoring to discover if an electric current flowing 
through an electrolyte causes the velocity of light to vary through 
the liquid. He experimented with dilute sulphuric acid. The 
result was negative within the range of the experiment, which 
was extremely delicate. In H,SO, diluted, one ampére per square 
centimeter does not alter the velocity of light by one part in 
thirteen millions, or by fifteen meters per second.—Nature, Oct. 
4, 1888, p. 555. J. T. 

8. The energy stored in permanent strains; by C. Barus. 
a oe of certain strain experiments of 

assmuth, an account of which has just reached me in the 
Beiblatter (No. 9, p. 648, 1888), I desire to advert to somewhat 
similar results which I have in hand. I brought a measured 
amount of work to bear on soft metallic wires, and by deducting 
from this the energy thermally dissipated (measured in a way 
essentially like that of Wassmuth), I was able to express defi- 
nitely the energy potentialized in effecting given changes of 
molecular configuration. In this respect my work and purposes 
are distinct from Wassmuth’s. Necessarily operating on soft 
metal, I find that the values for the maxima of energy stored 
under given conditions differ so largely in different metals, that I 
am justified in treating them as molecular data of importance. 


II. GEOLOGY AND MINERALOGY. 


1. International Congress of Geology.—The members of the 
“ Provisional Committee” appointed at the Congress in London, 
With reference to preparations for the next meeting of the Con- 
gress at Philadelphia, whose names are mentioned on page 389, 


‘met at New Haven, on Thursday, the 15th of November. All 


were present except Dr. T. Sterry Hunt. By vote twenty-four 
members of the permanent or organizing committee were ap- 
ointed, as follows: C. A. Ashburner, J. C. Branner, T. C. Cham- 
erlin, G. H. Cook, J. D. Dana, W. M. Davis, C. E. Dut- 
ton, G. K. Gilbert, James Hall, A. Heilprin, C. H. Hitchcock, 
Joseph LeConte, J. Leidy, J. P. Lesley, O. C. Marsh, J. 8. 
Newberry, J. W. Powell, J. R. Procter, N. 8. Shaler, J. J. 
Stevenson, C. D. Walcott, R. P. Whitfield, H. S. Williams, 
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Alexander Winchell. The committee has power to add to its 
number. Dr. J. S. Newberry was appointed temporary chair- 
man. With this action, the duties of the provisional committee 
ended. The first meeting of the permanent committee will be 
held in Washington in the month of April. 

2. American Report to the International Congress of Geologists 
at the meeting in London commencing September 17, 1888.—This 
Report, as the title-page states, is made up of “ Reports of the 
American Sub-committees appointed by the American Committee 
from its own members, assisted by associates, and is “ printed by 
order of the Committee. Editor, Persifor Frazer.” It contains 
valuable papers on American stratigraphical geology prepared 
chiefly by the Chairmen or “ Reporters” of several Sub-com- 
mittees, and interesting reading as the personal opinions on vari- 
ous questions, which were gathered in by the assiduous Secre- 
tary and some of the “ Reporters” through epistolary canvassing. 
But on controverted points it is a “ majority ” report of the Com- 
mittee and of its several Sub-committees, and a minority report 
as regards American geologists. The canvassing gathered opin- 
ions, but not the final views which free discussion among the 
geologists of the country would have evoked. Moreover the 
methods of the Committee tended to suppress discussion even in 
the Sub-committees. 

The Preface of the published Report states that “all geologists 
were invited to meet the American Committee in Albany during 
its session there (April 6th, 1887), in order to aid it in arriving 
at a correct view of American opinion.” Such a call was pub- 
lished in volume xxxiii of this Journal (1887); but the notice of 
the next meeting at Philadelphia, communicated to the same 
volume by the Secretary, shows that it failed of the object an- 
nounced, 

At the only meeting attended by the writer, that of January 
last at New Haven-—not then resuming active membership, as 
the published Report states in its Preface, but taking my first 
experience in membership after receiving my first notice that I 
was a member, the chairman,—Dr. T. Sterry Hunt, opened the 
session in the morning by announcing that five-minute speeches 
only would be allowed in discussions, and no replies, thus showing 
at the outset that full and fair consideration of questions was 
not to be permitted. 

During the day the reports of some of the Sub-committees were 
read and passed, but no opportunity was allowed for the discus- 
sion of any of the propositions to the International Congress 
which they contained. Before the meeting closed, a vote was 
passed by which “the Reporters of the Sub-committees respectively 
were made sole and final judges of the manner in which com- 
munications received from other geologists should be used.” At 
the same time “the reports on the Archean, Devonic, Carbonic, 
Mesozoic and marine Cenozoic” were declared adopted and 
ready for printing, and those “on the Lower Paleozoic and In- 
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terior Cenozoic were referred back to the Sub-committees making 
them,” but not for any changes, except such as the “Reporters ” 
might make. I was not aware in January that such votes had 
passed, nor that any of the reports were beyond amendment, 
and learned of it first. through a letter from the Secretary in 
March. Major Powell addressed a communication on the sub- 
ject, dated March 27th, to Professor Hall, protesting against 
such a ruling, and in opposition to other actions of the Commit- 
tee, and at the same time resigned his connection with it. For 
like reasons, I did not attend the April meeting. 

Finally, at the April meeting, it was voted that no copies of 

the published report should be delivered before September 17th, 
or in other words that the printed report with its final addi- 
tions should be kept from the members of the Committee until 
the day of meeting of the Congress in London. And so it 
was: on the 17th, punctually, the first copies reached me in 
New Haven. 
* Under such partisan management, the conclusions in the 
printed reports of the several Sub-committees were not likely to 
represent fairly American geological opinions. It is true that in 
connection with each of them a large display is made of the names 
of the members of the Sub-committees, and of al/ of them in each 
case, as if they were alike responsible for the contents, and as if 
the members had met, at least once, and consulted together, 
read the last emendations and signed the document. But in this it 
gives a very wrong impression. My name is on two of the Sub- 
committees, but has no right to a place on either, although I 
gave assent to the request; for I was informed of no meeting of 
the Sub-committee for consultation, and joined in none, and gave 
my signature to nothing except the letters which I, like many 
others not of the Committees, wrote in answer to questions. In 
fact, as above shown, changes after the January meeting were 
made impossible except by the Reporter. I received a proof of 
the report on the Lower Paleozoic, but returned it without any 
words of approval and only a few on the Taconic question. Fur- 
ther, this report, as finally published, contains what was not in 
that proof; it is decidedly the report of the Reporter, who had 
been made the “ final judge of the manner in which communica- 
tions received should be used,” not the Committee’s report; and 
the same is true in some other cases. The views of Mr. C. D. 
Walcott are unfairly presented with great injustice to him, 
although he stands as an associate member of the Sub-committee, 
responsible as much as the rest for its Report. 

Five hundred copies of the Report of the American Commit- 
tee were published, It is now in the hands of the Secretary of the 
London meeting of the Congress, awaiting a second publication 
as if the expression of the views of the majority of American geol- 
ogists. Its right to appear in the volume of Proceedings of 
the Congress for 1888 should be seriously considered if it is not 
already too late. J. D. D. 


Geology and Mineralogy. 


8. On the Volcanic Phenomena of the Eruption of Krakatoa, 
and on the nature and distribution of the Voleanic Materials ; 
by J. W. Jupp, F.R.S., Pres. Geol. Soc. 56 pp. 4to, with 6 
plates. From the Report of the Royal Society Commission.—The 
great eruption of Krakatoa, its results, and the character of its 
ejected materials, are here ably discussed by Professor Judd, with 
illustrating plates, maps, and wood-cuts. After sketching the 
earlier history of the volcano, the author comes to the precursor 
events of the eruption of 1883, which began May 20th, and then 
to the culmination in the paroxysmal eruption of August 26th and 
27th. Views and maps show the changes that took place at the 
time in the island and in the seas about it. The cone of Krakatoa 
was left between 2,000 and 3,000 feet high, and the crater more 
than 1,000 feet deep. 

Professor Judd’s explanation of the eruption is this: that the 
interruption of the regular escape of vapors and ejections that 
was consequent on the chilling of the surface of the liquid lava by 
inrushes of sea-water caused a check and then a rally of the pent- 
up force of gases seeking escape; that the catastrophic outburst 
was a direct consequence of this “check and rally” of the sub- 
terranean forces. 

The rocks of the cone and the ejected materials are described 
in detail, and illustrated by microscopic sections. The rock about 
the crater is enstatite-dacite or enstatite-andesite. There are also 
black porphyritic pitchstones. ‘The small cone of Rakata, at the 
base of Krakatoa, consists of basaltic lavas, which are in part 
chrysolitic. The formation of the ejected pumice from the pitch- 
stone, on which the author had previously thrown much light, is 
the subject of further remarks and explanations. He speaks of 
the glass as being in a state of strain, as is proved by its depolar- 
izing light, and this is mentioned as the cause of its extreme brit- 
tleness, in consequence of which it easily crumbles to the finest 
dust. The rocks are shown to have varied much in liquidity, 
although having little difference in mineral constitution; and this 
is attributed to the amount of water they contain. Professor 
Judd further observes that with water present and therefore a 
low fusion point, there is less chance of devitrification in a liquid 
lava; whereas without water and a consequent high fusion point, 
crystallization of minerals or lapidification is likely to take place 
in the mass as cooling makes progress ; and thus from lavas of the 
same constitution, under the one difference of amount of water, 
rocks of very unlike aspect may result. 

4. Microscopical Physiography of the Rock-making Minerals 
and aid to the microscopical study of rocks, by H. Rosrensuscu. 
Translated and abridged for use in schools and colleges by JosEPH 
P. Ippines. 333 pp. 8vo, with 26 plates of microphotographs, 
New York, 1888. (John Wiley & Sons). The thanks of our 
English-speaking students of Petrography are due to Mr. Iddings 
for the excellent manner in which he has presented to them the 
work of Prof. Rosenbusch. The value of this work is much too 
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well known to make it need commendation here, and the English 
form that it has now taken is all the more serviceable because of 
the wise abridgment which it has received, while all that is essen- 
tial has been retained. The translation is faithful and accurate but 
sometimes follows the German idiom more closely than is neces- 
sary. We may now hope to have instruction in this subject ex- 
tended among a much larger number of students than has hitherto 
been possible. The publishers deserve praise for the good ap- 
pearance which the volume presents and especially for their 
enterprise in securing copies of the beautiful plates which form 
so important a part of the German work. 

5. Phenacite in New England, by Gro. F. Kunz. (Communi- 
cated).—In the September number of this Journal, page 222, the 
finding of phenacite and topaz near Stoneham, Me., is ann’ unced ; 
the locality should have been on Bald Mountain, North Chatham, 
N. H. Both towns are on the Maine and New Hampshire state 
line, hence the error now corrected. Another pocket has been 
found, so that in all over fifty crystals of phenacite and topaz 
have been procured. 


III. Botany. 


1. Color-granules in flowers and fruits.—With the improved 
optical appliances and better staining agents employed in recent 
years the coloring matters of plants have received renewed atten- 
tion. The last contribution on the subject isa paper by CourcHeEt, 
[Ann. Sc. nat. sér, VII, pp. 263-374, pl. 6] which confirms 
certain statements made, with some hesitation, in a review pub- 
lished in this Journal during the current year. Courchet’s work 
appears to have been conducted in a careful manner under the 
supervision of Flahault at Montpelier, and with abundant mate- 
rial. It is therefore satisfactory to note that it strengthens in all 
essential particulars the position taken by Schimper, to which 
reference will soon be made. In view of the importance and the 
general interest of the subject, it seems proper to give an acccunt 
of the additions which Courchet has made to our knowledge, and 
to re-examine briefly the whole matter. 

The earlier investigators made out clearly that the coloring 
substances in leaves, flowers and fruits were of the following 
kinds: (1) colored cell-sap; (2) protoplasmic bodies or color- 
granules, containing pigments of various kinds; (3) crystals; (4) 
psendo-crystalline forms and amorphous masses. Attempts were 
made by Unger (1846), Mohl (1851), Trécul (1858), and Weiss 
(1864), to determine the morphology of these structures, but with 
comparatively little success. Trécul described the facts with 
accuracy, and for the most part with clearness, but he gave an 
undue degree of prominence to his theory of vesicular formations, 
thus diminishing the value of his work. Weiss stated that the 
color-granules appeared to arise in two ways, (1) by free for- 
mation from the general mass of protoplasm, and (2) by the 
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modification of-chlorophyll-granules. In 1872 Kraus added some 
observations regarding ordinary spindle-shaped forms, and stated 
that they appeared to come from the breaking down of the 
protein color-granules, but this view was opposed by the fact that 
these bodies occur even in some very young parts. Millardet 
(1876) by an examination of the coloring matters in the fruit of 
the tomato, made out some of the relations existing in many cases 
between chlorophyll-grains and color-granules. It was shown by 
him that these could change into one another under certain cir- 
cumstances, and that they possibly had a common origin. This 
link was partly supplied in 1880, by Schimper, who announced 
the discovery in certain cells containing starch, of colorless gran- 
ules, which had the function of collecting from the nutrient cell- 
sap the materials for the construction of starch grains. These 
bodies were termed by him starch-formers. After pointing out 
their occurrence and indicating the precautions necessary for 
their detection, he hints that they have close relations to the other 
living proteid granules in the vegetable cell. Soon_ after this, 
several investigators took the subject up, notably J/eyer, while 
Schimper himself made a most important advance. This step 
consisted in codrdinating all the granular living proteid granules, 
holding that color-granules and chlorophyll-granules are derived 
from the colorless granules found in the cells at the growing 
points of plants. For these bodies the common appellation of 
plastids or plasts was proposed, with the distinctive prefixes, 
leuco-, chloro-, and chromo-. About this time, or a little before, 
Van Tieghem suggested the term leucites for the same thing. 
Although Schimper’s terms have been generally adopted, Courchet 
prefers Van Tieghem’s. Schimper teaches that these plasts arise 
from pre-existing plasts, and that they assume the special form 
of lcucoplasts, chloroplasts, or chromoplasts, according to the 
office of the part and the conditions under which they are devel- 
oped. The morphological interest attaching to the organs of a 
plant is greatly heightened, when it is seen that in the cells 
themselves which constitute them, there are adaptations not 
merely in form but in the granular differentiations of the living 
matter. Just as a foliar expansion can be turned to account by 
the plant in many different ways, as a foliage-leaf, as a tendril, as 
a fly-trap, as a thorn, or as a pitcher, so can these simple proteid 
granules undergo modifications adapting them to the most diverse 
kinds of work. From the point of view of evolution the subject 
is of great importance, clearing up some serious difficulties in the 
way of explaining the adaptation of colors in flowerg and fruits 
to the visits of insects and of birds. The diversified shapes of 
foliar and floral organs have been rather easier to understand 
than the marvellous range of useful colors in these parts of the 
plant, but it is now apparent that all of them may arise from the 
very simplest starting point common to all. 

In all important features, Courchet confirms Schimper’s views, 
and they may be considered as in the main firmly established. 
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The matter is one of those, which, like the continuity of proto- 
plasm throughout the plant, commands from its coérdinating 


power general acceptance, and should therefore be most carefully © 


examined and reéxamined to ensure complete accuracy of details. 

Courchet’s special results may be briefly stated as follows:— 
Chromoplasts are always formed at the expense of chloroplasts or 
leucoplasts and can give rise at their periphery to crystals or 
crystalloids. The pigment is produced in many ways, and as- 
sumes very diverse characters. The form of the pigment masses 
is not related to the color, but depends upon its chemical consti- 
tution and the matters with which they are combined. Blue, 
violet and rose tints are generally due to colored cell-sap, 
although blue pigments are sometimes in the form of crystals or 
granules which have no relation to the plastids. The orange tints 
are chiefly due to crystals, or solid masses, and the same is true of 
most of the yellow tints. Chromoplasts always have a protein 
stroma combined with the pigment, which latter may be in such 
fine particles as to give an homogeneous appearance to the whole. 
The pigment may crystallize out of the granule, and present an 
appearance as if it is quite independent of it, and it may assume 
the most diversified shapes. The pigment may, under certain 
conditions, behave exactly like coloring matters found in other 
parts of the plant, but whether these matters are produced from 
the green pigment of the chloroplasts or from derivatives built 
up in those granules it is, as yet, impossible to determine. It is 
easy, however, to distinguish two types of coloring matters in 
the plastids: (1) yellow, always amorphous, much more soluble in 
alcohol than in chloroform and ether, turning blue with concen- 
trated sulphuric acid, taking on an intermediate green tinge; (2) 
orange, more soluble in ether and chloroform than in alcohol, 
turning blue with concentrated sulphuric acid, taking on first a 
violet-red or violet tinge. 

Coloring matters in cell-sap do not as a rule turn blue under 
the action of concentrated sulphuric acid. G. L. G. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Note on the work of the American Eclipse Expedition to 
Japan, 1887; by Davin P. Topp, Astronomer in charge.—In 
my preliminary report it was stated that the volunteer observers, 
working under instructions prepared by me and printed and 
distributed through the codperation of the Japanese government, 
had been moderately successful. Just how successful, it was not 
possible to ascertain betore leaving Japan. But within a few 
weeks, I have received through our Department of State, a large 
MS. volume of about seventy drawings of the corona. These are 
now in process of discussion on a novel system, and are likely to 
make a trusty contribution to optical coronagraphy. 

Also, through the same channel, came a valuable series of 
observations of the simple duration of total eclipse, at points just 
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inside the limits of the shadow-path. Of these there are about 
one hundred independent determinations. When the geographic 
positions of the observers have been accurately determined, and 
the observations fully reduced, accurate corrections to the lunar 
orbit-elements will result, for the epoch in question. The work 
of the main party in my charge, at Shirakawa, concludes rather 
less favorably than I had expected, clouds having interfered to 
such an extent that less than half of the pictures taken with the 
photo-heliograph are measurable. 

The foregoing results of the volunteer work comprise thus the 
most important astronomical contribution of the Japan Expedi- 
tion; and are so encouraging that, under the auspices of the 
Bache trustees, I have taken steps necessary to secure like obser- 
vations in our western states and British America during the 
eclipse of the Ist of January next. 

But the total outcome of the Japan Expedition fortunately 
comprises important work besides astronomy. Dr. Holland, who 
at his own charges accompanied the expedition as naturalist, has 
enumerated the bulk of his collections, botanical and entomo- 
logical, in the preliminary report. Under his direction, the final 
discussion of this valuable material is rapidly progressing. On 
the present plan, four papers will result: (a) list of the phenoga- 
mous plants collected by the Expedition ; (5) list of Coleoptera 
collected by the Expedition, together with descriptions of some 
apparently new species (with the colaboration of Mr. C. O. 
Waterhouse of the British Museum); (ce) list of the Macro- 
lepidoptera collected by the Expedition, together with descrip- 
tions of new species and notes upon their habits; (d) a mono- 
graph of the deltoid and pyralid moths of Japan. 

Of these the most significant is the last, in which Dr. Holland 
will include a fuil discussion of the unique and extensive collec- 
tions of the late Mr. Pryer of Yokohama, the resuit of his labors 
during a long series of years. Some months are necessary to 
complete this monograph. 

2. National Academy of Sciences.—The following papers were 
entered to be read at the November Meeting, 1888, in New 
Haven. 

E. S. HoLtpen: The Lunar Eclipse, July 22, 1888. 

Lewis Boss: The Zone Undertaking of the Astronomische Gesellschaft. 

Exias Loomis: The Rain-fall of the North Atlantic Ocean. 

W. H. Brewer: A finished Breed of Horses. 

Wo cort Gisss and Hopart Emory Hare: A Systematic Study of the action 
of definitely related Chemical Compounds upon Animals. 

J. S. NEWBERRY: The Cretaceous Flora of North America; On the Zoological 


Relations of some Paleozoic Fishes. 
Henry F. Ossorn: The Evolution of the Mammalian Molar Teeth to and from 


the Tritubercular Type. 

L. A. Lee: Some scientific results of the Albatross Expedition from Washing- 
ton to San Francisco. 

A. A. MICHELSON and E. W. Mortey: Some measurements of relative Wave- 
lengths, 

E. 8S. Dana: A new mineral from Maine. 


H 
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C. H. F. Peters: Remarks on the expression of the Law of Attraction in the 
Stellar Systems. 

A. HAL: Note on the Satellite of Neptune. 

G. K. Gmpert: The Problem of Soaring Birds. 

J. W. POWELL: The Laws of Corrasion. 


8. Note to Article VIII, in this volume, by the Author.—In 
mentioning the dredging at Sandwich, in the July number of 
this Journal (p. 56), I did not expect to give the subject further 
attention. I have since become satisfied, alter visits to the place 
named and extended inquiry, that no Tertiary beds have been 
opened there. The supposed “find” has proved a disappoint- 
ment. There is too little information about it available to justify 
attaching any importance to it. The borings made along the 
line of the proposed canal give no reason to expect that fossilifer- 
ous deposits will be touched hereafter in the progress of the 
work, W. W. DODGE, 

4, Tuckerman Memorial Library.—The large collection of books 
and papers relating to Lichens, made by the late Prof. Edward 
Tuckerman, has been presented by Mrs. Tuckerman, in accord- 
ance with his own wish, to Amherst College Library. It is de- 
sired to make this “Tuckerman Memorial Library ” as complete 
as possible and the librarian, Mr. William I. Fletcher, invites 
contributions in money or in material to this end. The money 
contributed will be kept as a fund of which only the income 
will be employed in making additions to the collection, or in 
making repairs to the binding. The sum of $1000 would proba- 
bly suffice as such a fund. 


A Manual of the Vertebrate Animals of the Northern United States, by David 
Starr Jordan, President of the University of Indiana, 5th edit., entirely rewritten 
and much enlarged, 376 pp., 12mo, Chicago. 1888. (A. MecUlurg & Uo.) In this 
new edition of the Manual all marine species are included; the geographical 
limits have been extended so as to include Canada, Minnesota. Iowa and Miss»uri; 
and the arrangement has been changed, and other imp ovements introdued. 

Catalogue of Fossil Reptilia and Amphibia of the British Museum. Part I, 
containing the Orders Ornithosauria, Crocodilia. Dinosauria, Squamata, Rhyncho- 
cephalia and Proterosauria, by Richard Lyddeker, B.A., F.G.S., etc. 310 pp. 8vo. 
London, 1888. 

Cincinnati Observatory. Zone Catalogue of 4050 stars for the epoch of 1885, 
by J. G. Porter, astronomer. Cincinnati, 1887. 

Old and New Astronomy, by R. A. Proctor. (Longmans, Green & Vo., London 
and New York.) 

Transactions of the American Philosopical Society, Vol. XVI, Part II, contains 
papers by E. D. Cope on the intercentrum of terrestrial vertebrata, ~ystematic 
catalogue of the Permian vertebr ta of N. America, Synopsis of the Vertebrate 
Fauna of the Puerco series, the shoulder, girdle and extremities of Eryops, and by 
H. C. DeS. Abbot, on a chemical study of Yucea anyustifolia. 

Centennial volume of the Memoirs of the American Academy of Arts and 
Sciences, Vol. XI, Part VI, No. vii. 200 pp. 4to. Occupied with a Memoir of 
Daniel Treadwell by Morrill Wyman, M.D. 

Die Gevideformationen der Eiszeit. von Erich von Drygalski, Dr. Phil. (Ges. d. 
Erdk. Berlin, xxii, 3, 4,) Berlin, 1887. 

Annotated Catalogue of the species of Porites and Synarea in the U.S. 
Nativval Museum, with figures, and a description of a new species, by Richard 
Rathbun, Proc. U. 8. Nat. Mus., 1887. 
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5. Communication on the American Report of the International 
Congress of Geologists, by J. W. Powxtt, Director of the U. S. 
Geological Survey ; addressed to the Editor of this Journal under 
date of Washington, D. C., Nov. 23, 1888.*—The American report 
presented to the International Congress of Geologists at the 
meeting in London commencing September 17, 1888, has been 
received, and I find that my name is attached to it in several 
places in such a manner that Iam made to appear as one of the 
parties responsible for its preparation and agreeing to it. This is 
an unfair and improper use of my name. I was for much of the 


time a member of the committee, but when it became manifest > 


that some of its members were determined to submit a report in 
general character similar to the one finally submitted, I resigned 
from the a so to do rather than prepare a 
dissenting report. ithout entering into detail, lest this com- 
munication be made very long, I beg to present my general rea- 
sons for not wishing to be considered as in any way subscribing 
to the report. 

The subject matter of the report is not of such a nature that a 
deliberative body can properly determine it by vote. Facts of 
observation, and generalizations therefrom, are proper subjects 
for discussion, but they should not be submitted to decision by 
vote. In my judgment this principle is fundamental. 

At some of the ow I was represented by a delegate; and 
at some of the meetings I was present. Through my representa- 
tive and personally myself, I endeavored to induce the committee 
to consider questions of geologic technics, such as a color scheme 
and a fundamental taxonomic time scheme necessary to the use of 
a color scheme; and I endeavored to have principles of geologic 
nomenclature formulated, etc. I protested, in season, and 
perhaps out of season, against pursuing such a course as to make 
the committee a debating club on geologic theories and on the 
verity of geologic discoveries. 

The assembling of a large number of geologists from various 
portions of the world, all more or less engaged in active research, 
furnishes a valuable opportunity for the presentation of papers, 
for the interchange of opinions, and for the enlargement of the 
scientific horizon of the several members. The questions that 
arise in this manner are to be decided ultimately only by the light 
of science, and no weight should be given to any man’s statement 
or generalization other than that inherent in the facts themselves. 
For a deliberative body to determine or settle any such question, 
or in any way to vn authoritative annunciation of facts and 
principles, is at variance with sound scientific procedure and 
wholly vicious. 

On the other hand, geologic language is conventional, as all 
language is conventional, and all geologic conventions, whether 


* Received too late for earlier insertion.—Eps, 
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they are in words, in colors, or in graphic forms, can be estab- 
lished by agreement with propriety, and perhaps with advantage 
to the science. 

There is no body of men so wise or so powerful that it can 
establish the science of geology by authority, and it is pretentious 
and unseemly to make the attempt; and to authoritatively an- 
nounce a fact or generalization in science and ask its acceptance 
is an absurdity. Any number or body of geologists may prop- 
erly agree to use a common system of representation, and may 
properly recommend others to use the same. 

In view of these considerations, | urged upon the committee 

questions of conventions, as I greatly desired that the American 
committee should formulate American opinions upon these sub- 
jects. 
’ The papers which appear in the report were not presented to 
the committee in a finished form, while I was present, but most 
of them merely in abstract, and the reporters finally published 
what they severally desired. I believe that the one prepared by 
Professor Williams on the Devonian formations of North America, 
is in form and substance of such a nature as to elucidate some of 
the principles which should guide in the preparation of geologic 
conventions. The paper which I prepared was brief, but was, I 
thought, pertinent to the subject in hand; but evidently it did 
not meet with the approval of the committee, for other reporters 
included the consideration of the Quaternary formations in their 
papers, that is, the members of the committee were determined 
that the Quaternary formations should be discussed in such a 
manner as to exhibit a supposed best classification, or at least 
such a one as they would recommend, all of which required a 
review of the general subject of the Quaternary formations of the 
country, and the more or less final settlement of many problems 
yet under discussion. Seeing that the report prepared by myself 
was, like that of Professor Williams, upon a general theory of 
precedure different from that held by most of the persons who 
were present at the meetings of the committee, I withdrew it at 
the time I resigned from the committee, and another member was 
appointed who prepared a paper more in harmony with the 
general views. 

With regard to the papers which were actually published, that 
of Professor Williams is in harmony with my conclusions, and, I 
believe, germane to the purpose for which the committee was 
organized. The other papers are not germane to the proper 
function of the committee as understood by myself. To many of 
the opinions expressed I can agree, to many others I cannot, but 
to none of the papers is it proper that I should sign my name, 
because I ain not the author of any one or part of one. 

It will be noticed on examining the papers that a number of 
taxonomic schemes are presented. None of them are such as I 
would use, were I engaged in making a survey on the ground; 
and, futhermore, none of them are used by members of the United 
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States Geological Survey. It is, therefore, manifestly absurd 
that my name should be employed in their support, and that I 
should thus be made virtually to condemn the work of all of m 
assistants actually engaged in works of survey throughout the 
United States. 

Long experience and careful consideration of this subject have 
led me to the conclusion that no detailed taxonomic scheme can 
be adopted for the entire country; but that there are many 
geologic provinces, and that in each one a distinct taxonomic 
scheme is necessary in order properly to present the facts ex- 
hibited in nature. On the other hand, I believe that a general 
time scale can be adopted to which the taxonomic schemes of the 
several geologic provinces can be referred with greater or less 
certainty. The general classification of the formations of each 
geologic province must be constructed and reconstructed with 
the course of investigation, and it should not be hampered with 
preconceived classifications; but geologists may well be fur- 
nished with a purely artificial or conventional time scheme to be 
used in the progress of their work. 

A system of geologic conventions in common usage through- 
out the world seems to be desirable for two potent reasons: first, 
geologists will be able thus to understand one another’s work 
with a great saving of labor and time; and second, a common 
language of geology will make the science available to a much 
larger number of people, and its beauties and truths may soon 
become the common property of all educated people. But how 
shall a universal system of conventions be established? If by 
direct agreement through a congress of the world’s active 
workers in geology, it may be a compromise and may not be the 
‘very best. On the other hand, any good universal system is 
better than the multiform systems now in use. To be estab- 
lished as a general system, it must meet with very general if not 
universal acceptance, and no system should be promulgated 
which has a large number of opponents, lest it add to the con- 
fusion. 

There is another method by which a general system may be 
secured. Geologists may go on devising, amending, and improv- 
ing their systems severally, each new worker adopting such a 
system as he may think best; until at last, by a course of intelli- 
gent selection, a common system is evolved. A system evolved 
in this manner can be reached only in the distant future, and in 
the meantime the disadvantages of diverse systems will retard 
ulvestigation and keep the science more or less buried from the 
general public under a cloud of conventions. Whether a system 
shall be formulated by enactment or evolved by practice isa 
question worthy of consideration. The legislative method may 
be tried, and if it fails the judicial method remains. 


The following is the abstract of my report to the committee.— 
The full report was never completed. 
The Quaternary or Pleistocene period is represented by all those 
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rocks which have been formed since the beginning of the glacial 
epoch. As thus defined they will probably include some rocks 
which have been called . Pliocene. 

The theory of the fundamental or principal classification of 
these rocks which has actually obtained in the world differs ma- 
terially from that of the classification of all other clastic forma- 
tions; as they are primarly classed by agencies and conditions 
of genesis. 

rogress has been made in classifying the glacial deposits 
chronologically, and in classifying some of the lacustrine and 
marine pleistocene deposits chronologically by correlating them 
with the glacial epochs, or by a study of their fossils; but it is 
worthy of emphasis that the fundamental classification of all the 
rocks of this period is one based on genesis. 

The series of geological events that constitute the history of 
the glacial epoch in North America are exceedingly varied and 
interesting. The great ice sheet that advanced from polar re- 
gions into middle latitudes, and then retreated and again ad- 
vanced and retreated, was a dominant geological agency, and 
about its history all other phenomena are grouped. These phe- 
nomena are found in the records of a great number of lakes, many 
of which have disappeared, and in marine deposits which mark 
the sites of old shores and which are intimately related to the 
glacial deposits. In the Mississippi Valley the deposits of loess 
extend nearly to the Gulf of Mexico, and these formations are 
probably in part of glacial origin, and they have many intimate 
relations with the deposits wholly glacial. .The deformations of 
the surface by diastrophic agencies through the glacial period 
are many and profound, and their history is recorded in a variety 
of base-level formations. When these facts are all recorded a his- 
tory of the glacial period can be constructed which will be of 
profound importance as an integral chapter in the history of the 
earth, the principles of which will be extended to all the chapters 
of the volume. In northern latitudes glacial phenomena prevail. 
In southern latitudes many other phenomena can be correlated in 
time with glacial facts, because glacial action was projected far 
southward along mountain ranges and about isolated mountains, 
and because the glacial sediments of the Atlantic coast extend 
far southward and their histories are interwoven with the history 
of the sediments derived from more southern rivers and shores; 
and finally, because glacier-prepared sediment was carried into 
the valley of the Mississippi and spread far toward the Gulf. 

The classes usually recognized in practice by geologists of this 
country are as follows: 

1, Formations of fluviatile origin, otherwise called “ flood-plain 
deposits,” or alluvial deposits. 

2. Formations of lacustrine origin, or lake deposits. 

3. Formations of oceanic origin, or marine deposits along shore. 

4, Formations due to the agency of torrents, a large part of 
which have been called alluvial fans or alluvial cones. 
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5. Formations of eolian origin, as sand-dunes. 

6. Formations in swamps and marshes, as peat-bogs. 

7. Formations in deltas, which are in part fluviatile and in 
part marine or lacustrine. 

8. Formations of glacial origin. 

9. Formations usually designated as Loess, which by some 
have been considered eolian ; but later investigations seem to show 
that Loess is formed in part, at least, of glacier-ground rock- 
flour deposited in quiet waters. ; 

10. Formations called soils and sub-soils, which cover the 
greater part of the surface of the land. 

The Quaternary formations have proved to be of prime impor- 
tance, because the principles of geology derived from their in- 
vestigation constitute a large body of the doctrines applied in 
the study of the older formations. The rocks are also of great 
interest, and have been and will be studied in great detail, be- 
cause of their industrial importance, and because, being at the 
surface, they are open to view, and ever present questions of in- 
terest even to the passing observer. 

These formations represent a period or constitute a system in 
the proper sense of that term; and the period is distinguished 
from all others because the formations are classified on a distinct 
basis, because they overlie all other formations and cover the en- 
tire extent of lands, and because the general principles of geol- 
ogy are mainly derived from their study. 

All of the great genetic classes which have been, mentioned, 
except, perhaps, the Loess, have been divided into subordinate 
parts, for each one of which some conventional sign is necessary 
in the preparation of Quaternary charts. It will thus be seen that 
a special system is necessary for their representation. 

Yet another fact must be considered in this connection. The 
Quaternary formations cover, to a greater or less extent, all other 
formations ; and the chart designed to represent the distribution 
of older formations cannot be used to represent the Quaternary 
formations without imposing one system of conventional symbols 
upon another. The attempts to do this have not been generally 
successful, and it has been and will be found that special Quater- 
nary maps are unecessary, and a system of cartographic conven- 
tions must be devised for this purpose also. 

The conclusions reached in the foregoing statements are as 
follows: 

1. The Quaternary or Pleistocene formations represent a dis- 
tinct period or system. 

2. The Quaternary period should be defined as beginning with 
the glacial epoch. 

3. The Quaternary formations are fundamentally classified by 
agency and condition of origin. 

4. A cartographic scheme is necessary for the representation 
of Quaternary formations. 
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CERATOPS MONTANUS, Marsh One-fourth natural size. 
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APPENDIX. 


Art. L—A New Family of Horned Dinosauria, from the 
Cretaceous ; by O. Mars. (With Plate XI.) 


' JURING the past season, a special effort has been made by 
one field-party of the U. S. Geological Survey, to explore the 
Laramie formation, more particularly in Dakota and Montana. 
In this work, important collections of vertebrate fossils have 
been secured, and among them are remains of some new 
Dinosaurs of much interest, one of which is briefly described 
below. 

Ceratops montanus, gen. et sp. nov. 

The present genus appears to be nearly allied to Stegosaurus 
of the Jurassic, but differs especially in having had a pair of 
large horns on the upper part of the head. These were sup- 
ported by massive horn-cores firmly codssified with the occipital 
crest. The latter are probably attached to the parietal bones, 
but, as the sutures in this region are obliterated, they may be 
supported in part by the squamosals. 

The horn-cores in the type specimen are sub-triangular at 
base, but nearly round in section in the upper half. Their 
position is represented approximately in be figures of the 
accompanying plate. These horn-cores are slightly hollowed 
at the base, but are otherwise solid. The exterior texture 
and markings show that they were evidently covered with true 
horns, and these must have formed large and powerful offen- 
sive weapons. 

In position and direction, these horn-cores are somewhat 
similar to the large posterior pair of protuberances in 
Meiolania, one of the extinct TZestudinata, and to the 
corresponding ones of the existing PArynosoma. The only 
known example of similar structure in the Dinosauria is the 
single median horn-core on the nasals of Ceratosaurus, from 
the Jurassic. It is not improbable that there were other 
horn-cores on the skull in the present genus, but, of this, there 
is at present no positive evidence. A detached median promi- 
nence resembling a horn-core was found with some similar 
remains, but may pertain to an allied genus. 

Am. JOUR. as Series, Vor. XXXVI, No, 216.—DeEc., 1888. 
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The resemblance in form and position of the posterior horn- 
cores to those of some of the ungulate mammals is very strik- 
ing, and, if detached, they would naturally be referred to that 

oup. 
oT he basioccipital found in place with these horn-cores, and 
represented in plate XI (figures 1 and 2, b), is much elongated, 
and formed the entire occipital condyle. Its exact position 
with reference to the horn-cores could not be determined. 

Teeth, vertebra, and limb bones which probably belong to 
the present genus were all secured in the same horizon. They 
indicate a close affinity with Stegosawrus, which was probably 
the Jurassic ancestor of Ceratops. 

Among other remains referred to the present reptile, but 
not found with the type specimen, are some peculiar, large 
dermal plates, in pairs, that indicate a well-ossified armor. 
These plates show indications of being covered, in part at least, 
with scutes, as in turtles. Their position cannot at present be 
determined. 

The type specimen on which the present genus and species 
are based was found in place, in the Laramie deposits of the 
Cretaceous, in Montana, by Mr. J. B. Hatcher, of the U. S. 
Geological Survey. Other specimens apparently pertaining 
to the same species were secured in the same horizon of the 
same region. 

Remains of the same reptile, or one nearly allied, had pre- 
viously been found in Colorado, in deposits of about the same 
age, by Mr. G. H. Eldridge, also of the U. 8. Geological Survey. 

The associated fossils found with the present specimens are 
remains of other Dinosaurs, crocodiles, turtles, and fishes, 
mostly of Cretaceous types. The mollusks in the same beds 
indicate fresh-water deposits. 

The fossils here described indicate a reptile of large size, 
twenty-five or thirty feet in length, and of massive prepor- 
tions. With its horned head and peculiar dermal armor, it 
must have presented in life a very strange appearance. 

The remains at present referred to this genus, while resem- 
bling Stegosaurus in various important characters, appear to 
represent a distinct and highly specialized family, that may 
be called the Ceratopside. They will be described more fully 
in a later number of this Journal. 

Yale College, New Haven, Conn., November 23, 1888. 


EXPLANATION OF Pirate XI, 


Fieure 1.—Horn-core and basioccipital of Ceratops montanus, Marsh; side view. 
a, horn-core; 8, basioccipital. 
Figure 2—Horn-cores and basioccipital of same skull; posterior view. a, left 
horn-core ; b, basioccipital; c, right horn-core. 
Both figures are one-fourth natural size. 
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Barbour, 227. 

See further under GEOLOGY. 
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RECENT ADDITIONS TO OUR STOCK: 


Magnificent Calcites from England; finest lot of Prismatic 
Phenacites ever found in Colorado; choice Gem Aquamarines ; 
Bertrandite Crystals on Beryl; Superb Colemanites; Carrara 
Quartz Crystals; Remarkable Swiss Fluors; Green Sphenes ; 
Utah Copper Minerals; Transparent Rhodochrosites; Beegerite ; 
Alabandite, Dumortierite, and many other equally desirable 
species. 


COLLEGES 


Will find it to their advantage to order of us. 


‘Minerals for Blowpipe Analysis. 
Fine and Rare Specimens. 
Cheap Material for Students. 
Systematic Collections. 


GEO. L. ENGLISH & CO., Dealers in Minerals, 
1512 Chestnut Street, - - Philadelphia, Pa. 
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MINERALS—NEW ARRIVALS. 


' Finely crystallized Sulphohalite, Mazapilite, Dumortierite, Hanksite, Colemanite, 
Guanajuatite, Descloizite, Thenardite in crosses, Red and yellow Wulfenite, Azurite, 
and Malachite pseudomorph after Azurite, Vanadinite, Opals polished and rough, 
silver minerals. Over 130 boxes of choice minerals from Mevwico, California, Arizona, 
and the southwest have been purchased or collected at the localities by Prof. Foote in 
a trip of over four months. 


Hanksite, Colemanite, Etc. 


A week’s. visit at Borax Lake (the best locality) secured the finest crystals of 
Hanksite ever seen. Crystals and fragments 5 cents to $5.00. 

Groups, 25 cents to $5.00. Extra large museum groups $5.00 to $10.00. 

As all these specimens were secured by me at the locality, they were oiled by me 
on the spot, and do not present the rounded or worn appearance usually shown. 

The failure of the principal firm mining boric acid minerals for several millions of 
dollars, and their offer of 40 cents on the dollar to their creditors, indicates that the 
borax deposits will be worked far less in the future than in the past. 

For this reason Colemanite, Thenardite, and other alkaline miuerals, will probably 
be more scarce in the future than in the past. The best Colemanite we got came 
from a collection made several years ago. Cleavages, price 5 cents to 25 cents; 
crystals 10 cents to 50 cents; fine groups of crystals 50 cents to $10.00. Thenardite in 
fine crossed crystals, 5 cents to $1.00. We have also Borax, from San Bernardino Co., 
Cal., at from 10 cents to $1.50. Trona in the finest crystals ever seen, 10 cents to $5.00. 
oy gem the new species is very rare, but we have some small pieces 50 cents to 
$5.00. Some things are now being examined. 


Arizona Minerals. 


Dumortierite in fine blue specimens, 10 cents to $3.00. 

Descloizite from Pima Co.—The largest crystallized specimen of this rare mineral 
that has ever been seen, weighs 914 lbs., measures 934 inches in length and seven in 
diameter, $100.00; smaller well-crystallized specimens, some associated with Vana- 
dinite crystals, $2.00 to $16.00; fragments well crystallized, 10 cents to $1.50. 

Vanadinite doubly terminated crystals, with straw-colored centers and red termi- 
nations on good pieces of gangue, Pima Co., $1.00 to $5.00; fragments well crystal- 
lized, 5 cents to 75 cents. The finest lot from Yuma Co. ever seen, each 5 cents to 


Brown barrel-shaped crystals, from 25 cents to $5.00. 

Wulfenite Red.—Another hard trip to the Red Cloud mine enabled us to secure 
some specimens that the superintendent had been saving for us for over a year. 
We were there in July and under date of September 27th, he writes us: “* That he 
is sorry to say they have feund no more Wulfenites.” 

As the district is now almost entirely abandoned, and no more good specimens 
are now found at the mine, we were very glad to secure these, having sold all taken 
= eae Large specimen groups, $1.00 to $25.00; fragments and crystals, 5 cents 

0 $1.50. 

In New Mexico we were very fortunate in striking a pocket of brilliant yellow 
Wulfenite equal to the best ever found at Eureka, Nevada. It is associated with 
flos ferri. he thin and delicate plates are very beautiful. Specimens, $2.00 to 
$10.00; fragments, brilliant, 10 cents to $1.50. 

From the Copper Queen mine and from Morenci we have obtained the finest 
Azurites and Malachite pseudomorph after Azurite ever seen. 

Malachite fibrous in beautiful surfaces and tufts, 5 cents to $5.00; same penetrat- 
ing clear calcite, 25 cents to $10.00; Malachite polished, 50 cents to $3.00; Malachite 
and Azurite banded in a charming manner, 75 cents to $5.00. 

Chrysocolla, with a very lustrous fracture, the finest ever seen, 10 cents to $5.00. 

Cuprite, brilliant, 5 cents to $3.00, some blood red, 50 cents to $5.00. 


Mexican Minerals. 


These are the result of the purchase of six entire collections of mining engineers 
and experienced collectors, and the choice of all the specimens in the private col- 
lection of the Professor of Mineralogy in the Mining College of Guanajuato. These 
purchases aggregated several thousands of dollars. 

Opals.—We have brought back from Mexico this time the finest lot of these we 
have ever seen for sale. We have them of all kinds, precious or noble, fire, harlequin 
milky, opal agate, opal with inclosures, hyalite, etc., etc., cut and in the rough, from 8 
cents to $50. 

a Red and Black, from 5 cents to $1.00; chatoyant, 10 to 50 
cents. 

The Twin Calcites that we got from Guanajuato are more interesting in form than 
any we ever got before. 

Apophyllite, 12% x 10 inches, very fine surface entirely covered with large crystals, 
$50.00. Smaller, 25 cents to $10.00. Rose colored Apophyllite, $3.50 to $20.00. 

— from the old Valenciana mine, in fine museum, specimens $1.00 to 


Cassiterite, both tinstone and large masses, 25 cents to $10.00. 

Mexican Onyx beautifully banded, 25cents to $2.50. Pyrargyrite, Polybasite and 
other Silver Minerals, 10 cents to $10.00 

We again revisited the celebrated Turquois locality in New Mexico, and have 
some of the finest deep blue pieces we have ever seen, 10 cents to $7.50 each. 

Other minerals have been received in large quantities, but we have only space to 
= ad interesting crystals of Magnetite from the Moriah mine, Essex 

ounty, N. Y. 

Over 400 boxes of minerals and scientific books received in 1888. 


Scientific and Medical Books, Minerals, A. E. FOOTE, M. D., No. 
1,223 Belmont Avenue, Philadelphia, Pa. 


Specimens sent to any part of the world by mail. Circulars, Price Lists, and 
specimen copies of the NATURALISTS’ LEISURE HouR, of 32 pages, sent free. 
ubscription 75 cents a year. 
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Drawings of fossils and shells made, and museum work done by 
Dr. OTTO MEYER, 
54 East 7th Street, New York. 


BECKER BROTHERS, 
No. 6 Murray Street, New York, 


Manufacturers of Balances and Weights of Precision for Chem- 
ists, Assayers, Jewelers, Druggists, and in general for every use 
where accuracy is required. 


PUBLICATIONS OF THE 


JOHNS HOPKINS UNIVERSITY. 


I. American Journal of Mathematics. S. Newcoms, Editor, and T. Crate, 
Associate Editor. Quarterly. 4to. Volume X in progress. $5 per 
volume. 

II. American Chemical Journal.—I. Remsen, Editor. Bi-monthly. 8vo. 
Volume IX in progress. $3 per volume. 

Ill. American Journal of Philology.—B. L. GILDERSLEEVE, Editor. Quar- 
terly. 8vo. Volume IX in progress. $3 per volume. 

IV. Studies from the Biological Laboratory.—Including the Chesapeake 
Zodlogical Laboratory. H. N. Martin,-Editor, and W. K. Brooks, Asso- 
ciate Editor. 8vo. Volume IV in progress. $5 per volume. 

V. Studies in Historical and Political Science.—H. B. Apams, Kditor. 
Monthly. 8vo. Volume VI ready. $3 per volume. 

VI. Johns Hopkins University Circulars.—Containing reports of scientific 
and literary work in progress in Baltimore. 4to. Vol. VII in progress. 
$1 per year. 

VII. Annual Report.—Presented to the President by the Board of Trustees, 
reviewing the operations of the University during the past academic year. 

VII. Annual Register.—Giving the list of officers and students, and stating 
the regulations, etc., of the University. Published at the close of the Aca- 
demic year. 


AMERICAN JOURNAL OF SCIENCE. 
FOUNDED BY PROFESSOR SILLIMAN IN 1818. 


Devoted to Chemistry, Physics, Geology, Physical Geography, Mineralogy, 
Natural History, Astronomy, and Meteorology. 


Epitors: JAMES D. DANA and Epwarp S. Dana. 


Associate Editors: J. P. Cookn, Jr., GEoRGE L. GOODALE, and TRow- 
BRIDGE, of Cambridge, H. A. Newton and A. E. VERRILL, of Yale, and G. F. 
‘ BARKER, of the University of Pennsylvania, Philadelphia. 

Two volumes of 480 pages each, published annually in MONTHLY NUMBERS, 

This Journal ended its first series of 50 volumes as a quarterly in 1845, and its 
second series of 50 volumes as a two-monthly in 1870. The monthly series com- 
menced in 1871. 

Subscription price $6; 50 cents a number. A few sets on sale of the first 
and second series. 


Address the PROPRIETORS, 


J. D. and E. 8S. DANA, New Haven, Conn. 
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HE LEONARD SCOTT PUBLICATION COMPANY 
| beg to announce that during 1889, they will continue 
to furnish its Subscribers with original sheets of the 


No American, desirous of keeping 
1 hinetes: il Century, abreast of the times, can afford 


to be without these three great 


| English Monthly Reviews. Their 
Review contributors comprise the foremost 
. 9 and ablest writers of the World, 
: 1 H and their contents treat of the 
4 Review. latest and most important phases of 
i modern thought. 
; Terms: $4.50 each; any two, $8.50; all three, $12.00; single copies, 40 cents each. 


Fai Hur Review We take great pleasure in announcing that 
l e we shall continue exclusive control in 
America of these two great English Quar- 


uarteriy all subscribers with 


Under an arrangement with the English 
60 publisher, we have exclusive control of 


the American issue, 1n original sheets. 


Terms : $4.00 each; any two, $7.50; all three, $10.50; single copies, $1.25 cents each. 


Is the leading and most popular monthly of 

Great Britain The tone of its articles is 

Wag unexceptionable, rendering it most desirable 
for the Home Circle. Single copy, 30 cents. 


With ether Quarterly, $6.50; with two Quarterlies, $10.00; with three Quarterlies, $13.00 


i i FIRST MONTHLY ISSUE, APRIL, (887. 
eS mins dt pve This Review will continue faithful to its mission as an 
® organ of independent thought in respect to social, political, 
philosophical and religious questions. 


Terms: $4.00 per Year; 40 cents per Number. 


An Illustrated Monthly devoted to Natural 
T HI ALIST History and Travel. 
4 Aas e Terms: $4.co per Year; 40 cts. per copy. 
j —AN AMERICAN MONTHLY.— 
Aims to tell the news, and mirror the pro- 


* gress of the Shakespearian world; to en- 
courage the influence of Shakespeare reading, and to offer suggestive 
courses of study; to be of use in Colleges and Schools, Libraries and 
Reading Rooms, and to prove of interest not only to Shakespeare 
specialists, teachers, and reading-circles, but to the actor, the drama-~ 

tist, and the student of general literature. 


Terms: $2.00 sand andl Year; 20 cents per Number. 


OF LEONARD D SCOTT PUBLICATION CO.’S PERIODICALS, 
UARTER FX No.1. JANUARY, 1887—INDEX FOR 1886. 
SUBSEQUENT ISSUES FOR EACH QUARTER. 


Terms: 25 cents per Year; 10 cents per Number. 
. All Post Paid throughout the United States and Canada. 


| Leenard Scott Publication Co., 


—— 501 Chestnut Street, Philadelphia. 


nglish Editions at Halt Price. 
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To Binders—The Appendix consisting of the Gray Bibliography and 
Index should be put at the close of the volume. 
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